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PREFACE. 


This  Introduction  to  Human  Anatomy  was  prepared 
as  the  Article  '*  Anatomy  "  for  the  Ninth  Edition  of 
the  "Encyclopaedia  Britannica,*'  now  in  course  of 
publication.  It  has  no  pretence  to  be  an  exhaustive 
treatise  on  the  subject,  and  in  writing  it,  my  object 
has  been  to  give  an  exposition  of  the  principles  on 
which  the  human  body  is  constructed,  rather  than 
to  put  before  the  reader  a  detailed  description  of  the 
seveial  organa  At  the  suggestion  of  the  publishers 
it  has  been  reproduced  in  a  separate  volume. 

The  illustrations,  except  when  otherwise  stated  in 
the  text,  are  original.  The  figures  of  the  dissected 
parts  are  from  drawings  by  Dr  W.  M.  Banks 
aud  Dr  J.  Halliday  Scott  The  great  majority 
of  the  illustrations  of  the  microscopic  objects  have 
been  drawn  on  the  wood,  from  original  material  and 
specimens,  by  Drs  J.  C.  Ewart  and  J.  Halliday  Scott, 
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and  by  Mr  C.  Berjeau,  to  each  of  whom  I  desire  to 
express  my  thanks  for  the  care  that  has  been  taken  in 
delineating  the  several  object&    Except  when  stated 
otherwise,  the  microscopic  specimens,  from  which  the 
illustrations  of  the  minute  anatomy  of  the  organs 
have  been  taken,  were  prepared,  with  his  customary 
care  and  skill,  by  my  assistant,  Mr  A.  B.  Stirling. 
For  the  use  of  the  woodcuts,  in  illustration  of  Dr 
Thin's  observations,  I  am  indebted  to  that  gentleman, 
and  to  the  publishers  of  the  JSdifiburgh  Medical 
Journal.     My  thanks  are  also  due  to  my  friend,  Dr 
J.  A.  Russell,  for  the  trouble  he  has  bestowed  in 
revising  the  proof-sheets  of  the  latter  half  of  the 
book. 

Ma&ch  1377. 
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INTRODUCTION. 

Akatomt  CAvorofi^)  means  in  its  literal  sense  the  dis- 
section or  separation  of  parts  by  cntting,  but  in  its 
usual  acceptation  it  is  employed  to  denote  the  science  the 
pvorinoe  of  which  is  to  determine  the  construction,  the  form, 
and  the  structure  of  organised  bodies,  i.e.,  of  bodies  which 
either  are  or  have  been  Irving.  It  is  therefore  a  depart- 
ment of  the  science  of  Biology.  It  resolves  itself  into 
two  great  divisions — ^AimcAL  Anatomy  or  Zootomy,  the 
object  of  which  is  to  investigate  the  structure  of  animals; 
and  YsoETABLS  Anatomy  or  Phytotomy,  the  object  of 
whidi  is  to  ehicidate  the  structure  of  plants.  Animal  Ana- 
TOMTy  again,  natorally  resolves  itself  into  two  divisions :  one 
in  which  the  construction,  form,  and  structure  of  two  or 
more  animals  are  compared  with  each  other,  so  as  to  bring 
out  their  features  of  resemblance  or  dissimilarity, — this  is 
called  CoMPABATiVE  Anatomy;  the  other,  in  which  the 
oonstmction,  form,  and  structure  of  parts  in  a  single  ani- 
mal are  considNed,  which  is  termed  Special  Anatomy. 
The  special  anatomy  of  an  animal  may  be  studied  from 
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various  points  of  views:  (a)  with  reference  to  the  succession 
of  forms  which  it  exhibits  at  various  periods  from  its  first 
appearance  as  an  embryo  to  the  assumption  of  its  adult 
characters:  this  is  termed  Developmental  or  Embryo- 
logical  Anatomy;  (b)  with  reference  either  to  its  form 
and  structure,  or  to  the  investigation  of  the  laws  by  which 
these  are  determined,  termed  Mobphological  Anatomy  ; 
(c)  with  reference  to  the  function,  use,  or  purpose  per- 
formed  by   a   part   or  structure    in  an    animal,   termed 
Teleological  or  Physiological  Anatomy;  (d)  with  re- 
ference merely  to  the  relative  position  of  different  parts  or 
structures,    termed   Topographical   Anatomy;   (e)  with 
reference  to  the  structure  and  general  properties  of   the 
tissues  or  textures  which  enter  into  the  construction  of  the 
parts  or  organs  of  animals ;  to  this  branch  of  study  have 
been  applied  the  terms  General  Anatomy,  Anatomy  of 
Textures,  Histology  and,  from  the  miscroscope  being  so 
largely   employed   in   the   examination   of    the   textures, 
Microscopic  or  Minute  Anatomy;  {/)  with  reference  to 
the  changes  induced  by  disease  in  the  organs  or  tissues, 
termed  Morbid  or  Pathological  Anatomy.     From  its 
manifold  aspects  Anatomy  forms  the  basis  of  the  Biological 
Sciences.     As  a  knowledge  of  the  laws  of  motion  is  essen- 
tial, and  must  be   constantly  recurred  to   at  every  step 
before  any  true  progress  can  be  made  in  the  investigation 
of  the  physical  sciences,  so  must  the  structure  of  animal 
bodies  be  constantly  appealed  to  by  the  zoologist  in  all 
attempts  at  classification;  by  the  physiologist  in  all  in- 
quiries into  the  functions  performed  by  the  organs  and 
textures  in  a  state  of  health,  and  into  the  s|)ecial  adapta- 
tion of  parts  to  particular  uses;  and  by  the  physician  in 
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conaidering  the  alteiatioiis  or  diaturbanoe  of  the  fanctions 
of  porta  in  the  course  of  diaeaae.  To  deacribe  the  anatomy 
of  the  multitudinona  forma  of  animal  life  from  theae  dif- 
ferent pointa  of  view  irould  require,  not  one,  but  aeveral 
▼olnminona  treatiaea,  and  would  much  exceed  the  compaaa 
of  this  volume,  which  la  intended  to  be  devoted  more 
particularly  to  the  deacription  of  the  Special  Anatomy  of 
the  Human  Body  in  a  atate  of  health;  in  other  worda,  to 
be  a  abort  treadae  on  Human  Anatomy  or  Anthbopotomy. 
Aa  forming  a  department  of  the  general  acience  of  Com- 
parative Anatomy,  the  anatomy  of  Man  ia  intereating  not 
only  to  men  of  acience  generally,  but,  from  ita  intimate  con- 
nection with  the  aeveral  diviaiona  of  the  art  of  healing, 
and  with  the  atudy  of  the  functiona  of  the  human  body, 
poaaeaaea  the  higheat  importance  to  the  phyaician,  aurgeon, 
and  phyaiolc^gist 

SPBCIAL  anatomy  OF  THE  HUMAN  BODY. 

Man,  zoologically  apeaking,  belonga  to  the  Mammalian 
daaa  of  the  Vertebrate  aub-kingdom,  t.&,  hia  young  are 
brought  forth  alive,  and  nouriahed  during  infancy  on  milk 
aecreted  in  mammaiy  or  milk-forming  glands.  In  common 
with  all  vertebrate  organisma,  he  poaaeaaea  aapine  or  verte- 
bral column  and  a  akull,  in  which  are  contained  the  brain 
and  the  apinal  marrow,  and  on  the  ventral  aurface  of  the 
apinal  column  are  aituated  the  aeveral  aubdiviaiona  of  the 
alimentary  canaL 

But  man  poaaeaaea  certain  apecial  or  diatinctive  anatomi- 
cal characters.  The  moat  noticeable,  aa  aeen  on  an  external 
inspection  of  his  body,  ia  his  erect  poeition.     He  ia, 
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indeed,  the  only  living  creature  that  can  n-alk  or  stand 
erect,  i.e.,  with  the  axis  of  the  spine 
vertical ;  with  the  hip  and  knee  joints 
capable  of  being  fully   extended,   so 
that  the  leg  la  brought  into  line  with 
the  thigh ;  with  the  foot  so  planted 
on  the  ground  that  it  rests  on  the  heel 
behind  and  on  the  roots  of  the  toes 
in  front ;  with  the  iipi>er    liniba  so 
arranged  as  to  act,  not  as  instrument* 
of  progiosaion,  but  of  prehension  ;  and 
with  the  head  so  balanced  on  the  tup 
of  the  spine  that  the  face  and  eye* 
look  directly  to  the  front.     His  hones, 
'|\  joints,   and  muscles   are   constructed 
I,  and  arranged  so  as  to  enable  him  to 
ierve   the    erect   attitude  without 
I  fatigue.     In  other  vertcbrata  the  axis 
'  of  the  spine  is  obliijue  or  horizontal, 
the  hip  and  knee  joints  are  perma- 
nently bent  at  a  nmre  or  les.s  acute 
angle,  the  limbs,  corresponding  to  the 
liunian  upper  extremities,  are,  in  the 
l'^™hl'iiui'"i  form  of  leg.s,  wings,  or  fins,  instni- 
d  aiiiill.'.iiiiki'y  nicnts  of  progression,    and  the  head 
■TD-tidiiiii  iii'rv-  is  ai'ticulateii   with   the   spine  at  or 
y\h'^\„"^u  nea     the    hiniler  end   of    tlie   skulL 

'i>1>tn>orylnlM.>. 

'"h.'''iTi.T  ii"' '^"'""    to   the   oliliiiue   or   liorizuntal 

il''«^,l'''ir£  ii"i'"<lc  '^f  til*-'  '"-^'y  '"  tl";  verlebrata 

generally,  and    its   erect   position  in 

i   terms  which   are   employed   in  describing  the 
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rehth^  podtion  of  different  p^ 
•enae  by  the  hnmaa  and  compamtiTe  anatomist  Thna, 
parts  which  are  saperior, 
or  above  other  parta^  in 
the  hmnaii  body,  are  an- 
terior, or  in  front,  in 
other  vertebrata;  and 
parts  which  are  pos- 
terior,   or  behind   other  *^*ir:?^*?»i?««l?^ 

_^     .  f  *■  "  *!*•  "P*"*  *•  ■!«<«  at  right  aofflet 

parfs  m  man,  are  saperior  *«*^*^«««^<tott«iiia«.  WA^owWr^ 
to  them  in  other  vertebrate.  To  obviate  the  confosion 
which  mnst  neoessarilj  arise  when  comparing  the  human 
body  with  that  of  other  vertebrates^  certain  descriptive 
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to  tta«Tciiica]  dotted 


Fta  4.^-OiitItee  diagrun  of  a 
maakej  In  tlie  teml- erect 
poeltlon.  Tbeexifloftheeplne 
uee  oMiqnelj  to  the  rertical 
dotted  line.    (4/Ur  Ooodiir.) 


tenna  have  been  recommended  which  may  be  employed 
whether  the  position  of  the  body  be  erect  or  non-erect. 
Thus,  the  aq^ect  of  parts  directed  towards  the  region 
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where  the  atlas  or  first  vertebra  is  situated  is  atlantal^  that 
directed  towards  the  sacrum  is  sacral^  that  towards  the 
back  is  dorsal,  that  towards  the  front  is  ventral  or  hcevial. 
Quite  recently  the  term  prce-axial  has  been  introduced  as 
equivalent  to  atlantal,  and  }x>st-arial  to  sacral. 

The  body  may  be  considered  as  divided  by  an  imaginary 
plane,  the  memd  j^lone,  into  two  lateral  and  similar  halves, 
a  right  and  left,  so  that  it  exhibits  a  bilateral  symmetry ; 
and  the  constituent  parts  are  described  as  being  exteimal  or 
hUemal  to  each  other,  according  to  their  relative  position 
to  this  plane.  For  descriptive  puri)0ses,  also,  we  may 
subdivide  the  body  into  Axial  and  Appendiculae  portions. 
The  Axial  part  is  the  stock  or  stem  of  the  body,  and 
consists  of  the  Head,  the  Neck,  and  the  Trunk.  The 
trunk  is  again  subdivided  into  the  chest  or  Thorax,  and 
the  belly  or  Abdomen;  and  the  abdomen  is  again  sub- 
divided into  the  abdomen  proper  and  the  Pelvis.  The 
axial  part  contains  the  organs  essential  to  the  preservation 
of  life.  In  the  head  is  loilged  the  brain,  from  which  the 
spinal  marrow  is  prolonged  down  the  spinal  canal.  At  the 
sides  of  the  head  are  the  ears,  and  opening  on  to  the  face 
are  the  eyes,  nostrils,  and  mouth.  Prolonged  down  the 
neck  are  the  guUet  and  windpipe,  with  the  latter  of  which 
is  associated  the  organ  of  voice.  Within  the  chest  lie  the 
heart,  lungs,  and  gullet;  and  in  the  abdomen  are  contained 
the  stomach,  intestine,  liver,  spleen,  pancreas,  kidneys,  and 
other  organs  concerned  in  the  urinary  and  generative 
functions.  The  Appendicular  part  forms  the  Umbs,  which 
do  not  contain  organs  essential  to  life.  In  man  the  limbs 
are  called  Upper  and  Lower — the  former  are  instruments 
of  prehension,  the  latter  of  progression.     The  subdivisions 
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of  the  body  are  not  homogeneous  in  structure,  but  are  built 
up  of  several  systems  of  organs,  each  system  being  charac- 
tezised  not  only  by  peculiarities  in  form,  appearance,  and 
structure,  but  by  possessing  special  functions  and  uses. 
Thus  the  bones  collectively  form  the  Osseous  system;  the 
joints  the  Articulatoiy  system;  the  muscles,  which  move  the 
bones  at  the  joints,  the  Muscular  system;  and  these  several 
systems  oollectnrely  constitute  the  oigans  of  Locomotion. 
The  brain,  spinal  marrow,  sympathetic  ganglia,  and  nerves, 
form  the  Nervous  system,  with  which  is  intimately  asso- 
ciated the  organs  of  Sense;  the  blood  and  lymph  vessels, 
tiie  Vascular  system;  the  lungs  and  windpipe,  the  Respira- 
tory system;  the  alimentary  canal,  with  the  glands  opening 
into  it,  the  Digestive  system;  the  kidneys,  bladder,  and 
urethra,  the  Urinary  system;  the  testicles,  spermatic  ducts, 
and  penis  in  the  male,  with  the  ovaries,  uterus,  and  clitoris 
in  the  fenuile,  the  Generative  or  Eeproductive  system ;  the 
skin,  with  the  hair  and  nails,  the  Tegumentary  system* 
These  various  systems  are  so  arranged  with  reference  to 
each  other  as  to  form  an  organic  whole* 

The  Organs  of  Locomotion  will  first  attract  our  attention. 


CHAPTER   I. 

SKELETON. 

Osseous  System — Osteology — Skeleton. — ^The  word 
Skeleton  (from  o-kcAAw,  to  dry)  signifies  literally  the  dry  or 
hard  parts  of  the  body.  AVhen  used  in  a  limited  sense  it 
is  applied  merely  to  the  bones,  but  when  used  in  a  wider 
and  more  philosophic  sense  it  comprises  not  only  the  bones 
or  osseous  skeleton,  but  the  cartilages  and  fibrous  mem- 
branes which  complete  the  framework  of  the  body.  The 
first  evidence  of  a  skeleton  in  the  embryo  is  the  appear- 
ance of  membranes  in  many  parts  of  which  cartilage  is 
developed,  and  in  course  of  time  this  cartilage  is  converted 
into  bone.  In  some  animals,  however,  as  in  the  cartila- 
ginous fish,  the  osseous  conversion  does  not  take  place, 
and  the  skeleton  remains  permanently  cartilaginous;  and 
in  the  very  remarkable  fish  called  Lancelet,  or  Amphi- 
oxu^y  the  skeleton  consists  almost  entirely  of  fibrous  mem- 
brane. 

The  skeleton  serves  as  a  basis  of  support  for  the  soft 
parts,  as  affording  surfaces  of  attachment  for  muscles  and 
as  a  protection  for  many  delicate  organs.  In  the  verte- 
brata  the  osseous  skeleton  is  clothed  by  the  muscles  and 
skin,  and  is  technically  called  an  eiulo-sJceleton.  In  inverte- 
brata  the  skeleton  is  not  unfrequently  on  the  surface  of  the 
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body,  and  is  termed  an  exo-  or  dermo-skeleUm.  In  some 
vertebrates  {e.g.^  the  armadillo,  tortoise,  and  sturgeon),  in 
addition  to  the  proper  endo-skeleton,  skeletal  plates  are 
developed  in  connection  with  the  integument,  so  that  they 
possess  a  dermo-skeleton  likewise.  In  some  vertebrates, 
also,  a  partial  skeleton  is  formed  within  the  substance  of 
some  of  the  viscera — e,ff.,  in  ruminant  animals  a  bone  is 
sitnated  in  the  heart ;  in  the  walrus  and  other  camivora, 
in  rodents,  bats,  and  some  monkeys,  a  bone  lies  in  the 
penis ;  and  in  the  leopard,  jackal,  and  other  camivora,  a 
cartilaginous  style  lies  in  the  middle  of  the  tongue.  These 
parts  form  a  ^danchno-  or  visceral  skeleton.  By  some 
anatomists  the  teeth,  which  are  unquestionably  hard  parts 
of  the  body,  are  also  referred  to  the  splanchno-skeleton, 
thoo^  they  are  special  modifications  of  the  mucous  mem- 
brane of  the  gum.  In  man,  the  teeth  being  excluded, 
there  is  neither  exo-  nor  splanchno-skeleton,  but  only  an 
endo-skeleton. 

In  each  of  the  great  subdivisions  of  the  body  an  endo- 
skeleton  exists,  so  that  we  may  speak  of  an  Axial  Skeleton 
and  an  Appendicular  Skeleton.  The  Axial  Skeleton  con- 
sists of  the  bones  of  the  spine  and  head,  the  ribs,  and  the 
breastbone;  the  Appendicular  Skeleton,  of  the  bones  of 
the  limbs.  The  number  of  bones  in  the  skeleton  varies  at 
different  periods  of  Ufa  In  the  adult  there  are  about  200, 
but  in  the  child  they  are  more  numerous ;  for  in  the  pro- 
cess of  consolidation  of  the  skeleton  certain  bones  originally 
distinct  become  fused  together. 


We  shall  commence  the  deacription  of  the  Axial  Skklk- 
V :  TON  hj  giving  &□  account  of 

the  bones  of  the  spina 

The  Spine,  Spinal  or 
Vestbbkal  Coldmk,  chine, 
or  backbone,  consists  of  a 
number  of  s  ape  rim  posed 
bones  which  are  named  Verte- 
bne,  because  they  can  move  or 
turn  somewhat  on  each  other. 
It  lies  in  the  middle  of  the 
back  of  the  neck  and  trunk ; 
has  the  cranium  at  itssnmmit ; 
the  ribs  at  its  sides,  which  in 
their  turn  support  the  upper 
limbs ;  whilst  the  pelvia,  with 
the  lower  limbs,  ia  jointed 
to  its  lower  end.  The  quiw 
consists  in  an  adult  of  twenty- 
ux  bones,  in  a  young  child 
of  thirty-three,  certain  of  tha 
bones  in  tiie  spine  of  th« 
child  becoming  ankyksed 
n<i;J^i*>»ji»w  SM««i^  Cj^.  or  blended  with  each  other 

CG^H^iw'iiiEi"'*''®*^'*'*'    ThM«  blended 

~  ^  bones  loae  their  mobility,  and 

»\S»S^wo   caUed  /aUe   veitabna; 


■tnaao.    n*  daued'Una  "" 
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whilst  tiiose  which  retain  thdr  mobility  are  the  true 
Tertebrae.  In  the  vertebrata  the  bones  of  the  spine  are 
amuDged  in  groups,  which  may  be  named  from  their 
position — ^vertebne  of  the  neck  or  cervical;  of  .the  chest, 
dorsal  or  thoracic;  of  the  loins,  lumbar;  of  the  pelvis, 
sacral;  and  of  the  tail,  coccjrgeal  or  caudal;  and  the 
number  of  vertebne  in  each  group  may  be  expressed 
in  a  formula.  In  man  the  formula  is  as  follows: — 
G7Di2L5S6Ck)C4  =  33  bones,  as  seen  in  the  child;  but  the 
five  sacral  Tertebrse  fuse  together  into  a  single  bone — ^the 
sacrum — and  the  four  coccygeal  into  the  single  coccyx. 
Hence  the  sacrum  and  coccyx  of  the  adult  are  the  false, 
whilst  the  lumbar,  dorsal,  and  cervical  are  the  true 
vertebras. 

The  Tertebrsa  are  irregularly-shaped  bones,  but  as  a 
rule  have  certain  characters  in  common.  Each  possesses  a 
body  and  an  arch,  which  enclose  a  ring,  with  certain  pro- 
cesses and  notches.  The  Body,  or  Centrum,  is  a  short 
cylinder,  which  by  its  upper  and  lower  surfaces  is  con- 
nected by  means  of  fibro-cartilage  with  the  bodies  of  the 
vertebras  immediately  above  and  below.  The  collective 
series  of  vertebral  bodies  forms  the  great  column  of  the 
spine.  The  Arch,  also  called  Neural  Arch,  because  it  en- 
closes thespinal  marrew  or  nervous  axis,  springs  from  the 
back  of  the  body,  and  consists  of  two  ^mmetrical  halves 
imited  behind  in  the  middle  line.  Each  half  consists  of  an 
anterior  part  or  pedicle,  and  a  posterior  part  or  lamina. 
The  Bings  collectively  form  the  spinal  canaL  The  Fk>- 
cesses  usually  spring  from  the  areh.  The  spinous  process 
projects  backwards  from  the  junction  of  the  two  laminie, 
and  the  collective  series  of  these  processes  gives  to  the 
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entire  column  the  spiny  character  from  which  has  arisen  the 
term  Spine,  applied  to  it  The  transverse  processes  project 
outwards,  one  from  each  side  of  the  arch.  The  articular 
processes  project,  two  upwards  and  two  downwards,  and 
are  for  connecting  adjacent  vertebrte  together.  The 
Notches,  situated  on  the  upper  and  lower  borders  of  the 
pedicles,  form  in  the  articulated  spine  the  intervertebTal 
foramina  through  which  the  nerves  pass  out  of  the  spinal 
canaL 

The  vertebrse  in  each  group  have  characters  which 
spedallj  distinguish  them.  In  man  and  all  mammabs 
with  few  exceptions,  whatever  be  the  length  of  the  neck, 
the  Cervical  Vertebrae  are  seven  in  number.  The  excq>- 
tions  are  the  three-toed  sloth,  which  has  nine,  and  Hoff- 
mann's sloth  and  the  manatee,  in  which  there  are  only  six. 
In  many  whales  the  seven  cervicals  are  fused  in  the  adult 
into  a  single  bona  In  man  the  body  of  a  cervical  vertelna 
is  comparatively  small,  and  its  upper  surface  is  transversely 
concave ;  the  arch  has  long  and  obliquely  sloping  lamins ; 
the  ring  is  large  and  triangular ;  the  spine  is  short,  bifid, 
and  horizontal ;  the  transverse  process  consists  of  two  bars 
of  bone,  the  anterior  springing  from  the  side  of  the  body, 
the  posterior  from  the  arch,  and  uniting  externally  to 
enclose  a  foramen,  through  which,  as  a  rule,  the  vertebral 
artery  passes ;  the  articular  processes  are  flat  and  oblique, 
and  the  upper  pair  of  notches  are  deeper  than  the  lower. 
The  first,  second,  and  seventh  cervical  vertebrae  have 
character8:which  specially  distinguish  them.  The  first,  or 
Atlas,  has  no  body  or  spine :  its  ring  is  very  huge,  and  on 
each  side  of  the  ring  is  a  thick  mass  of  bone,  the  iaierai 
vuuSf  by  which  it  articulates  with  the  occipital  bone  above 
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and  the  second  Tertebra  below.  The  second  Tertelm^  Axis^ 
or  Veridnra  detUata,  has  its  body  surmounted  by  a  thick 
tooth-like  odontoid  process^  which  is  regarded  as  the  body 
of  the  atlas  displaced  from  its  proper  vertebra  and  fused 
with  the  axis.  This  process  forms  a  pivot  round  which 
the  atlas  and  head  move  in  turning  the  head  from  one  side 
to  the  other ;  the  spine  is  large,  thick,  and  deeply  bifid. 
The  seventh,  called  Verit^ra  promineng,  is  distinguished 
by  its  long  prominent  spine,  which  is  not  bifid,  and  by 
the  small  size  of  the  foramen  at  the  root  of  the  transverse 
process.  In  the  human  spine  the  diBtinguiahing  character 
of  all  the  cervical  vertebrae  is  the  foramen  at  the  root  of 
the  transverse  process,  but  amongst  mammals  this  is  not 
an  invariable  character,  for  in  the  cetacea  the  transverse 
process  of  the  atlas  is  imperforate,  and  in  the  horse, 
ruminants,  and  many  quadrumana,  the  seventh  cervical 
vertebra  has  no  foramen  at  the  root  of  its  transverse 
process. 

The  Dorsal  Yertebne,  more  appropriately  called  costal  or 
thoracic,  are  twelve  in  number  in  the  human  spine ;  but 
amongst  mft-mniftln  they  range  from  eleven  in  the  arma- 
dillo to  twenty-two  in  the  Cape  hyrax  and  Hoffmann's 
sloth.  They  are  intermediate  in  size  and  position  to  the 
cervical  and  lumbcu*  vertebne,  and  are  all  distinguished 
by  having  one  or  two  smooth  surfaces  on  each  side  of 
the  body  for  articulation  with  the  head  of  one  or  two 
rib&  The  arch  is  short  and  with  imbricated  laminae ;  the 
ling  is  nearly  circular ;  the  spine  is  oblique,  elongated, 
and  bayonet-shaped ;  the  transverse  processes  are  directed 
back  and  out,  not  bifid,  and  with  an  articular  surface  in 
front  for  the  tubercle  of  a  rib ;  and  the  articular  processes 
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are  flat  and  nearly  vertical.  The  first,  tweKth,  eleventh, 
tenth,  and  sometimes  the  ninth,  dorsal  vertebrae  are  dis- 
tinguished from  the  rest.  The  first  is  in  shape  like  the 
seventh  cervical,  but  has  no  foramen  at  the  root  of  the 
transverse  process,  and  has  two  articular  facets  on  each 
side  of  the  body ;  the  ninth  has  sometimes  only  one  facet 
at  the  side  of  the  body ;  the  tenth,  eleventh,  and  twelfth 
have  invariably  only  a  single  facet  on  the  side  of  the  body, 
but  the  eleventh  and  twelfth  have  stunted  transverse 
processes,  and  the  twelfth  has  its  lower  articular  processes 
shaped  like  those  of  a  lumbar  vertebra. 

The  Lumbar  Vertebrae  in  man  arc  five  in  number,  but 
amongst  mammals  they  range  from  two  in  the  platj^ius  to 
eight  in  the  hyrax  or  agouti.  They  are  the  lowest  of  the 
true  vertebrae,  and  also  the  largest,  especially  in  the  body. 
The  arch  has  short  and  deep  lamina? ;  the  ring  is  triangular ; 
the  spine  is  massive  and  hatchet-shaped ;  the  transverse 
processes  are  long  and  pointed  ;  the  articular  are  thick 
and  strong,  the  superior  pair  concave,  the  inferior  con- 
vex ;  the  inferior  notches,  as  in  the  dorsal  vertebrae,  are 
deeper  than  the  superior.  In  the  lumbar  vertebriB  and  in 
the  lower  dorsal  an  accessory  process  projects  from  the  base 
of  each  transverse  process,  and  a  mammillary  tubercle  from 
each  superior  articular  process.  In  man  these  are  small  and 
rudimentary ;  but  in  some  mammals,  as  the  kangaroo, 
armadillo,  and  scaly  ant-eater,  the  mammillary  tubercles 
are  large,  and  in  the  baboon,  dog,  cat,  and  beaver,  the 
accessory  processes  are  "well  developed.  The  fifth  limibar 
vertebra  has  its  body  much  thicker  in  front  than  behind; 
its  si)ine  is  less  massive,  and  its  lower  articular  processes 
are  fiat. 
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The  Sacrum  is  composed  of  five  originaUj  separate 
yertebrse  fused  into  a  single  bone.  In  the  bandicoot  it 
consists  of  a  single  Tettebra,  whilst  it  has  as  many  as  eight 
in  the  armadiUa  The  relatiTe  size  and  completeness  of  the 
sacrum  are  associated  with  the  development  of  the  haunch 
bones  and  of  the  lower  limbs.  In  whales,  where  the  pelvic 
bones  are  rudimentary  and  there  are  no  hind  limbs,  there 
is  no  sacrum.  The  sacrum  forms  the  posterior  wall  of  the 
pelvis,  is  triangular  in  form,  and  possesses  two  surfaces,  two 
borders,  a  base,  and  an  apex.  The  anterior  or  pelvic  surface 
is  concave,  and  is  marked  by  four  transverse  lines,  which 
indicate  its  original  subdivision  into  five  bones,  and  by  four 
pairs  of  foramina,  through  which  are  transmitted  the 
anterior  sacral  nerves.  Its  posterior  surface  is  convex;  in 
the  middle  line  are  tubercles  or  rudimentary  spines,  and  on 
each  side  of  these  are  two  rows  of  tubercles,  the  inner  of 
which  are  the  conjoined  articular  and  mammillaiy  pro- 
cesses, the  outer  the  transverse  processes  of  the  originally 
distinct  rertebrsB ;  in  addition,  four  pairs  of  foramina  are 
fonnd  which  transmit  the  posterior  sacral  nerves  from  the 
sacral  canal,  which  extends  through  the  bone  from  base  to 
apex,  and  forms  the  lower  end  of  the  spinal  canaL  By  its 
borders  the  sacrum  is  articulated  with  the  hannch-bones — 
by  its  base  with  the  last  lumbar  vertebra,  by  its  apex  with 
the  coccyx.  The  human  sacrum  is  broader  in  proportion 
to  its  length  than  in  other  mammals ;  this  great  breadth 
gives  solidity  to  the  lower  part  of  the  spine,  and,  conjoined 
with  the  size  of  the  lateral  articular  surfaces,  it  permits 
a  more  perfect  junction  with  the  haunch-bones,  and  is 
correlated  with  the  erect  position.  Owing  to  the  need  in 
woman  fora  wide  pelvis,  the  sacrum  is  broader  than  in  man. 
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The  Coccyx  consists  of  only  four  vertebrae  in  the  human 
spine.  It  is  the  rudimentary  tail,  but  instead  of  projecting 
back,  as  in  mammals  generally,  is  curved  forwards,  and  is 
not  visible  externally,  an  arrangement  which  is  also  found 
in  the  anthropoid  apes  and  in  Hoffmann's  sloth.  In  the 
spider  monkeys  as  many  as  thirty-three  vertebrse  are  found 
in  the  tail,  and  in  the  long-tailed  pangolin  the  number 
reaches  forty-six.  Not  only  is  the  tail  itself  nidimentary 
in  man,  but  the  vertebrjB  of  which  it  is  composed  are 
small,  and  represent  merely  the  bodies  of  the  true  vertebrae. 
As  there  are  no  arches,  the  ring  is  not  fonned,  and  the 
spinal  canal  docs  not  extend,  therefore,  beyond  the  apex  of 
the  sacrum.  The  first  coccygeal  vertebra,  in  addition  to  a 
body,  possesses  two  processes  or  horns,  which  are  jointed 
with  two  corresponding  processes  from  the  last  sacral 
vertebra. 

The  Human  Si)ine  is  more  uniform  in  length  in  persons 
of  the  same  race  than  might  be  supposed  from  the  indi- 
vidual differences  in  stature,  the  variation  in  the  height  of 
the  body  in  adults  being  due  chiefly  to  differences  in  the 
length  of  the  lower  limbs.  The  average  length  of  the 
spine  is  28  inches ;  its  widest  part  is  at  the  biise  of  the 
sacnmi,  from  which  it  tapers  down  to  the  tip  of  the  coccyx. 
It  diminishes  also  in  breadth  from  the  base  of  the  sacnim 
upwards  to  the  region  of  the  neck.  Owing  to  the  pro- 
jection of  the  spines  behind  and  the  transverse  processes 
on  each  side,  it  presents  an  irregular  outline  on  those 
aspects;  but  in  front  it  is  more  uniformly  rounded,  owing 
to  the  convex  form  of  the  antero-lateral  surfaces  of  the 
bodies  of  its  respective  vcrtebrie.  In  its  general  contour 
two  series  of  cur\'es  may  be  seen,  an  autero-posterior  and 
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a  lateral  The  antero-posterior  is  the  more  important 
In  the  infant  at  the  time  of  birth  the  sacro-ooccygeal 
part  of  the  spine  is  concave  forwards,  bat  the  rest  of 
the  spine,  except  a  slight  forward  concavity  in  the  series 
of  dorsal  vertebrse,  is  almost  straight  When  the  infant 
begins  to  sit  np  in  the  arms  of  its  nurse,  a  convexity  for- 
wards in  the  r^on  of  the  neck  appears,  and  subsequently, 
as  the  child  learns  to  walk,  a  convexity  forwards  in  the 
region  of  the  loins.  Hence  in  the  adult  spine  a  series 
of  oonvexo-ooncave  carves  are  found,  which  are  alternate 
and  mutually  dependent,  and  are  associated  with  the  erect 
attitade  of  man.  In  the  human  spine  alone  are  the 
lumbar  vertebrae  convex  forward.  A  lateral  curve,  convex 
to  the  rights  opposite  the  third,  fourth,  and  fifth  dorsal 
vertebrae,  with  compensatory  curve  convex  to  the  left 
immediately  above  and -below,  is  due  apparently  to  the 
much  greater  use  of  the  muscles  of  the  right  arm  over 
those  of  the  left,  drawing  the  spine  in  that  region  some- 
what to  the  right.  In  disease  of  the  spine  its  natural 
curvatores  are  much  increased,  and  the  deformity  known 
as  humpback  is  produced.  As  the  spiae  forms  the  central 
part  of  the  axial  skeleton,  it  acts  as  a  column  to  support 
not  only  the  weight  of  the  body,  but  of  all  that  can  be 
carried  on  the  head,  back,  and  in  the  upper  limbs :  by  its 
transverse  and  spinous  processes  it  serves  also  to  give 
attachment  to  numerous  musdes,  and  the  transverse  pro- 
cesses of  its  dorsal  vertebrae  are  ako  for  articulation  with 
the  ribs. 
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THORAX. 

The  Thorax,  Pectus,  or  Chest  is  a  ca^dty  or  enclosure 
the  walls  of  which  are  in  part  formed  of  bone  and  cartilage. 
Its  skeleton  consists  of  the  sternum  in  front,  the  twelve 
dorsal  vertebne  beliind,  and  the  twelve  ribs,  with  their 
corresponding  cartilages,  on  each  side. 

The  Sternum  or  Breast  Bone  is  an  elongated  bone 
which  inclines  downwards  and  forwards  in  the  front  wall 
of  the  chest.  It  consists  of  three  parts — an  upper,  ciilled 
manubrium  or  pnu  sternum ;  a  middle,  the  body  or  meso- 
sternum;  and  a  lower,  the  ensiform  process  or  xiphi- 
sternum.  Its  anterior  and  posterior  surfaces  are  marked 
by  transverse  lines,  which  indicate  not  only  the  subdivision 
of  the  entire  bone  into  three  parts,  but  that  of  the  meso- 
stemum  into  four  originally  distinct  segments.  Each 
lateral  border  of  the  bone  is  marked  by  seven  depressed 
surfaces  for  articulation  with  the  seven  upper  ribs  :  at  each 
side  of  the  ui)per  border  of  the  praj-sternum  is  a  sinuous 
depression,  where  the  clavicle,  a  bone  of  the  upper  limb, 
articulates  with  this  bone  of  the  axial  skeleton.  The 
xiphi-sternum  remains  cartilaginous  up  to  a  late  period  of 
life,  and  from  its  pointed  form  has  been  named  the  ensi- 
form cartilage. 

The  Ribs  or  Costie,  twenty-four  in  number,  twelve  on 
each  side  of  the  thorax,  consist  not  only  of  the  bony  ribs, 
but  of  a  bar  of  cartilage  continuous  with  the  anterior  end 
of  each  bone,  called  a  costal  cartilay/e,  so  that  they  furnish 
examples  of  a  cartilaginous  skeleton  in  the  adult  human 
body ;  in  aged  persons  these  cartilages  usually  become 
converted  into  bone.     The  upper  seven  ribs  are  connected 
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by  their  costal  cartUages  to  the  side  of  the  sternum, 
and  are  called  sternal  or  true  libs ;  the  lower  five  do  not 
reach  the  sternum,  and  are  named  astemal  or  false,  and 
of  these  the  two  lowest,  from  being  unattached  in  front, 
are  called  free  or  floating.  All  the  ribs  are  articulated 
behind  to  the  dorsal  vertebras,  and  as  thej  are  ep^- 
metrical  on  the  two  sides  of  the  body,  the  ribs  in  any 
given  animal  are  always  twice  as  numerous  as  the  dorsal 
vertebrse  in  that  animal  They  form  a  series  of  osseo- 
cartilaginous arches,  which  extend  more  or  less  perfectly 
around  the  sides  of  the  chest.  A  rib  is  an  elongated  bone, 
and  as  a  rule  possesses  a  head,  a  neck,  a  tubercle,  and  a 
shaft.  l%e  head  usually  possesses  two  articular  surfaces, 
and  is  connected  to  the  side  of  the  body  of  two  adjacent 
dorsal  vertebrae;  the  neck  is  a  constricted  part  of  the 
bone,  uniting  the  head  to  the  shaft ;  the  tubercle,  dose  to 
the  junction  of  the  shaft  and  neck,  is  the  part  which  articu- 
lates with  the  transverse  process  of  the  vertebra.  The 
shaft  is  compressed,  possesses  an  inner  and  outer  surface, 
and  an  upper  and  lower  border,  but  from  the  shaft  being 
somewhat  twisted  on  itself,  the  direction  of  the  surfaces 
and  borders  is  not  uniform  throughout  the  length  of  the 
bone.  The  ribs  slope  from  their  attachments  to  the  spine, 
at  first  outwards,  downwards,  and  backwards,  then  down- 
wards and  forwards,  and  where  the  curve  changes  from 
the  backward  to  the  forward  direction  an  angle  is  formed 
on  the  rib.  The  first,  tenth,  eleventh,  and  twelfth  ribs 
articulate  each  with  only  a  sin^e  vertebra,  so  that  only  a 
single  surface  exists  on  the  head :  the  surfaces  of  the  shaft 
of  the  first  rib  are  almost  horizontal ;  those  of  the  second 
very  oblique;  the  eleventh  and  twelfth   ribs  are  rudi- 
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mentaiy,  have  neither  neck  nor  tubercle,  and  are  pointed 
anteriorly.  The  ribs  are  by  no  means  uniform  in  length  : 
they  increase  from  the  first  to  the  seventh  or  eighth,  and 
then  diminish  to  the  twelfth ;  the  first  and  twelfth  are 
therefore  the  shortest  ribs.  The  first  and  second  costal 
cartilages  are  almost  horizontal,  but  the  others  are  directed 
upwards  and  inwards. 

In  its  general  form  the  chest  may  be  likened  to  a  trun- 
cated cone.  It  is  rounded  at  the  sides  and  flattened  in 
front  and  behind,  so  that  a  man  can  lie  either  on  his  back 
or  his  belly.  Its  tnmcated  apex  slopes  downwards  and 
forwards,  is  small  in  size,  and  allows  of  the  passage  of  the 
windpipe,  gullet,  large  veins,  and  nerves  into  the  cliest, 
and  of  several  large  arteries  out  of  the  chest  into  the  neck. 
The  base  or  lower  boundary  of  the  ca\aty  is  much  larger 
than  the  apex,  slopes  downwards  and  backwards,  and  is 
occupied  by  the  dia|)hragm,  a  muscle  which  separatas  the 
chest  from  the  cavity  of  the  abdomen.  The  transverse 
diameter  is  greater  than  the  antcro-jx)stcrior,  and  the  antero- 
posterior is  greater  laterally,  where  the  lungs  are  lodged, 
than  in  the  mesial  plane,  which  is  occupied  by  the  heart. 

HEAD. 

The  Head  forms  the  summit  of  the  axial  part  of  the 
body.  It  consists  of  two  portions — the  Cranium  and  the 
Face. 

The  Skull,  or  skeleton  of  the  head,  is  composed  of  22 
bones,  8  of  which  form  the  skeleton  of  the  cranium,  14 
that  of  the  face.  Except  the  lower  jaw,  which  is  move- 
able, the  bones  are  all  finnly  united  by  inmiovable  joints. 
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Tie  8  bones  of  the  cranitun  are  so  nnited  together  hy  their 
edges  48  to  form  the  walls  of  a  box  or  cavity,  the  cranial 
cavity,  in  which  the  brain  is  lodged.  The  box  of  the 
cranium  poeaeeses  a  base  or  floor,  a  vault  or  roof,  an 
anterior,  a  posterior,  and  two  lateral  walk.  The  poaterior 
wall  is  formed  by  the  oeeipiial  bone,  which  also  extends 
for  some  dktaoce  forwards  along  the  middle  of  the  base; 
in  front  of  the  basal  part  of  the  occipital  is  the  tphaurid, 
which  also  sends  a  process  upwards  on  each  side  of  the 
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sknll;  in  front  of  the  basal  part  of  the  sphenoid  is  the 
Hhmoid;  momtting  upwards  in  front  of  the  ethmoid  is  the 
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frontal,  wliicli  forma  the  forehead,  and  closes  in  the  front 
of  the  crauinl  bo:c;  fomiiiig  thu  vault  aud  side  walla  are 
the  two  jyiru-la/  boues ;  coiii|>letiiig  the  side  walls,  and 
extending  for  a  ^hort  distince  lIiiij  tbi.  siii.  of  tht,  floor, 
are  tht.  two  tem/ioral  Iwnes  the  nrtpj-  of  the  skull  is  at 
the  junction  of  the  tun  [•aiii.td  )>  irs  nith  e,u.h  other 


The  fourteen  boues  of  the  face,  wliich  arc  situated  bcloiv 
and  in  front  nf  the  craniwni,  enter  into  the  formation  of  the 
walls  of  cavities  ivhieli  open  on  the  front  of  tlie  face;  thus 
they  coni|<Iute,along  with  the  frontal,  s[iheni>td,  and  ethmoid, 
the  walls  of  the  two  orbits  in  which  the  eye-balls  are 
lodged;  along  with  the  ethmoid  aud  s|iheni.>id,  tlie  walls  of 
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the  nostrils;  and  they  fonn  the  osaeons  waUs  of  the  montL 
Ab  a  general  mle,  the  cranial  bones  are  expanded,  and  plate- 
like in  form.  The  <nUer  surface  of  each  bone  assists  in 
f onning  the  exterior  of  the  cranium^  and  not  nnf requently 
is  marked  by  ridges  or  processes  for  the  attachment  of 
mnsdes.  The  inner  soiface,  again,  is  smooth,  and  pitted 
with  depressions,  in  which  the  convolutions  of  the  brain 
are  lodged,  and  also  marked  by  grooves  for  the  lodgment 
of  dilated  veins  called  blood  sinuses,  and  of  arteries  termed 
meningeal  The  two  surfaces  of  a  cranial  bone,  dense  in 
structure,  are  called  its  tablea^  outer  and  inner,  and  are 
separated  from  each  other  by  bone,  looser  and  more  spongy 
in  its  texture,  called  the  diploe.  In  some  localities,  more 
especially  in  certain  of  the  bones  which  form  the  walls 
of  the  nostrils,  the  diploe  disappears,  and  comparatively 
wide  interspaces  separate  the  two  tables,  which  contain  air 
and  are  called  air-9inu9e».  The  margins  of  the  bones  are 
denticulated,  and  it  is  by  the  interlocking  of  the  denticula- 
tions  of  adjacent  bones  that  they  are  jointed  together,  the 
joints  being  named  tntvres.  The  bones  are  pierced  by 
holes  or  foramina,  and  similar  holes  exist  between  the 
adjacent  margins  of  some  of  the  bones.  These  foramina 
are  mostly  situated  in  the  floor  of  the  skull;  they  transmit 
arteries  into  the  cranial  cavity  to  supply  the  brain  and 
the  inner  table  with  blood,  and  veina  and  nerves  out  of 
the  cavity.  The  largest  of  these  holes  is  called  foratMn 
fnagwum.  It  lies  in  the  occipital  bone,  immediately  above 
the  ring  of  the  atlas;  through  it  the  spinal  marrow  becomes 
continuous  with  the  brain,  and  the  vertebral  arteries  pass 
to  supply  the  brain  with  blood. 

The  Occipital,  or  bone  of  the  Back  of  the  Head  (Figs.  6 
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and  7),  consists  of  four  originally  distinct  pieces  fused  into 
a  curved  plate-like  bone.  Its  subdivisions  are  arranged 
around  the  foramen  magnum  —  the  basilar  part,  basi- 
occipital,  in  front ;  the  condyloid  parts,  ex-occipitals,  one  on 
each  side ;  and  the  tabular  part,  or  supra-occipital,  behind. 
The  anterior  surface  of  the  supra-occipital  is  sub-divided 
into  four  fossaj,  in  the  two  upper  of  which  are  lodged  the 
occipital  lobes  of  the  cerebrum,  in  the  two  lower  the  cere- 
bellum ;  the  upper  and  lower  pairs  of  fossae  are  separated 
by  a  transverse  groove  for  the  lodgment  of  the  lateral 
venous  sinus.  The  posterior  surface  is  marked  by  a  pro- 
tuberance and  by  two  curved  lines  for  the  attachment  of 
muscles;  by  its  margin  the  supra-occipital  articulates  with 
the  parietal  and  temporal  bones.  Each  ex-occipital  has 
on  its  under  surface  a  smooth  condyle  for  articulation 
with  the  atliis ;  in  front  of  the  cond34e  is  a  foramen  which 
transmits  the  last  or  ninth  cranial  nerve,  called  hypoglossal, 
and  behind  it  a  foi-amen  for  the  transmission  of  a  vein 
sometimes  exists.  The  basi-occipital  articulates  and,  in 
the  adult  skull,  is  fused  w^ith  the  body  of  the  sphenoid 
(Fig.  7).  The  upi)er  surface  of  the  basi-occipital  is  grooved 
for  the  lodgment  of  the  medulla  oblongata. 

Sometimes  the  part  of  the  supra-occipital  situated  above 
the  protuberance  and  upper  curved  line  ossifies  as  an  inde- 
pendent bone,  called  ijiterjxirietal.  In  some  mammals,  as 
the  sheep,  the  existence  of  an  interparietal  in  the  young 
skull  is  the  rule  and  not  the  exception. 

The  Sphenoid  or  Wedge-shaped  bone  (Fig.  7)  lies 
at  the  base  of  the  skull ;  it  articulates  behind  with  the 
occipital;  in  front  it  is  jointed  to  the  ethmoid  and  frontal, 
and  by  its  lateral  processes  or  wings  to  the  frontal,  parietal, 
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and  temporal  bones.  From  its  position,  therefore,  it  binds 
togethier  all  the  bones  of  the  cranium,  and,  moreover, 
articolates  with  many  of  those  of  the  face.  For  con- 
structiye  purposes  it  is  the  most  important  bone  of  the 
head.  It  consists  of  a  centrum  or  body,  with  which  four 
paira  of  processes  are  connected.  The  body  has  a  deep 
depression  on  its  upper  surface,  compared  in  shape  to  a 
Turkish  saddle,  in  which  is  lodged  the  pituitary  body; 
hence  it  is  called  pituUary  foucL  In  front  of  this  fossa 
is  a  ridge  which  marks  the  place  of  union  of  the  pre-  and 
pad-^phenoidal  subdivisions  of  the  body  of  this  bone;  the 
body  is  grooved  laterally  for  the  internal  carotid  artery 
and  the  cavernous  blood  sinuses,  and  it  is  hollowed  out  in 
its  interior  to  form  the  sphenoidal  air-sinuses:  these  air- 
sinuses  are  partially  dosed  in  front  by  a  pair  of  small  bony 
plates  called  tpkencicUd  spongy  bones,  or  bones  of  Bertin. 
Behind  the  pituitary  fossa  is  a  pair  of  processes  called 
posterior  clinoid,  from  which  the  bone  slopes  back  to  the 
basi-occipital;  this  slope  is  called  the  dorsum  sdlcs,  and  on 
it  rests  the  pons  YaroliL  From  the  posterior  part  of  each 
side  of  the  body  the  great  wings,  or  cdirspkenoids,  pass 
outwards  and  upwards  to  the  aides  of  the  skull,  and  each 
sends  off  a  plate-like  process  to  enter  into  the  formation 
of  the  outer  wall  of  the  orbit.  From  the  anterior  part  of 
each  side  of  the  body  the  lesser  wings,  orbUo-sphmoids, 
pass  outwards,  and  assist  in  forming  the  roof  of  each  orbit; 
each  orbito-sphenoid  ends  internally  in  a  knob-like  process 
called  anterior  dinoidy  and  at  its  root  is  a  foramen  called 
opHcf  which  transmits  the  second  nerve,  or  nerve  of  sight, 
into  the  orbit  From  the  great  wings  on  each  side,  dose 
to  its  junction  with  the  hodjy  Sk  pair  of  pterygoid  processes, 
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called  internal  and  external,  project  downwards,  and  the 
internal  process  ends  in  a  slender  hook  termed  the  hamidar 
process.  The  ali-sphenoid  is  pierced  by  foramina  c-alled 
rotumlam,  ovale,  and  sjmiosum,  the  two  former  of  which 
transmit  the  second  and  third  divisions  of  the  fifth  cranial 
nerve,  the  last  the  middle  meningeal  artery  to  the  mem- 
branes of  the  brain ;  between  the  orbito-  and  ali-sphenoids 
is  the  sphenoidal  fissure  which  transmits  the  third,  fourth, 
sixth  nerves,  and  first  division  of  the  fifth  cranial  nerve 
into  the  orbit;  and  at  the  root  of  the  pterj'goid  processes 
is  the  vi'liati  canal,  for  the  transmission  of  a  nerve  of  the 
same  name. 

Tlie  Ethmoid,  or  Sieve-like  bone  (Fig.  7),  is  situated 
l)etween  the  two  orbital  plates  of  the  frontal,  and  in  front 
of  the  body  of  the  sphenoid.  It  is  cuboidal  in  shape,  and 
is  ci)mi)osed  of  a  central  portion  and  two  lateral  masses, 
which  are  connected  together  l)y  a  thin  horizontal  plate 
pierced  with  holes  like  a  sieve,  and  called  cribritontu 
This  cribriform  plate  fonns  a  part  of  the  floor  of  the  cranial 
cavity ;  on  it  rest  the  two  olfactory  bulbs,  and  the  branches 
of  the  nerves  of  smell,  called  olfactory  or  first  cranial  ner\'es, 
pass  from  the  bulbs  through  the  holes  in  this  i)late  into  the 
nose.  The  central  portion  of  the  bone  {mt'n-ethmoid)  Ls  a 
mesial  perpendicular  plate ;  it  forms  a  part  of  the  nasal  sei>- 
tum  and  the  process  above  the  cribriform  plate  named  criMa 
gain.  Each  lateral  m;iss  consists  of  an  external  smooth 
plate,  OS  ])lanumy  which  assists  in  forming  the  inner  wall  of 
the  orbit ;  and  an  internal  convoluted  part,  called  superior 
and  middle  spongy  bones  or  turhinals,  which  enter  into  the 
formation  of  the  outer  wall  of  the  nostril.  These  turbinals 
are  associated  with  the  distribution  of  the  nerves  of  smell; 
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in  tlie  toothed  whales,  where  there  are  no  olfactory  nerres, 
the  tnrhinals  are  absent,  whilst  in  some  mammals,  as  the 
crested  seal,  they  assume  a  highly  convoluted  form.  The 
kteral  masses  are  hollowed  oat  into  air-sinuses,  called  eth- 
moadal  cells,  which  communicate  with  the  nostrils  and  with 
CQcresponding  sinuses  in  the  sphenoid  and  frontal  bones. 

The  Frontal,  or  bone  of  the  Forehead  (Figs.  6  and  7), 
consists  originally  of  a  right  and  left  lateral  half,  united 
by  the  frontal  suture  in  the  middle  line  of  the  forehead. 
As  a  rule,  this  suture  disappears  in  early  life,  and  a  single 
greatly  cnired  bone  is  formed.  The  bone  is  convex  for- 
wards, to  form  the  rounded  forehead,  and  presents  two 
eminences,  the  centres  of  ossification  of  the  bone ;  at  the 
root  of  the  nose  is  an  elevation  called  glaJbeUay  extending 
ootwards,  from  which,  on  each  side,  is  the  supra-ciliary 
ridgcy  corresponding  to  the  position  of  the  eyebrow.  In 
the  crania  of  some  races,  e.g.^  the  Australian,  the  forward 
projection  of  the  glabella  and  supra-ciliary  ridges  is  con- 
siderable ;  and  in  the  well-known  skull  from  the  valley  of 
the  Neander  it  has  reached  a  remarkable  size.  These 
ndges  and  the  glabella  mark  the  position  of  the  air-sinuses 
in  the  frontal  bone.  The  upper  border  of  each  orbit,  which 
ends  internally  and  externally  in  a  process  of  bone  called 
angular,  forms  the  lower  boundary  of  the  forehead.  The 
cerebral  surface  of  the  bone  is  deeply  concave,  for  the 
reception  of  the  frontal  lobes  of  the  brain ;  the  concavity 
is  deepened  by  the  backward  projection  of  two  thin  plates 
of  bone  which  form  the  roofs  of  the  orbits,  which  plates 
are  separated  from  each  other  by  the  deep  notch  in  which 
the  ethmoid  bone  is  lodged;  along  the  margins  of  this 
notch  may  be  seen  the  openings  into  the  frontal  air-sinuses. 
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The  Parietal  bones,  two  in  number  (Figs.  6  and  7), 
form  the  greater  part  of  the  side  wall  of  the  skull,  and 
mount  upwards  to  the  vertex,  where  they  unite  together 
along  the  line  of  the  mgittal  suture.  Each  bone  poaacsoos 
about  the  centre  of  its  outer  surface  an  enmaice^  the 
centre  of  ossification  of  the  bone,  with  which  a  hollow  on 
the  cerebral  surface,  lodging  a  convolution  of  the  parietal 
lobe  of  the  brain,  corresponds.  The  bone  is  quadrilateral 
in  form.  Three  of  its  maigins  are  strongly  denticulated, 
for  junction  with  the  occipital,  frontal,  and  corresponding 
parietal ;  the  fourth  is  scale-like,  for  union  with  the  tem- 
poral, and  forms  the  Bquamou9  suture;  near  the  upper 
maigin  on  the  cerebral  surface  is  a  groove  for  the  lodgment 
of  the  superior  longitudinal  venous  mnus.  The  anterior 
inferior  angle  articulates  with  the  ali-sphenoid,  and  is 
marked  by  a  groove  for  the  middle  meningeal  artery;  the 
posterior  inferior  is  grooved  for  the  lateral  venous  «u»ti«, 
and  articulates  with  the  mastoid  of  the  temporal 

The  Temporal  bones,  two  in  number  (Figs.  6  and  7), 
are  placed  at  the  side  and  base  of  the  skull,  and  are 
remarkable  for  containing  in  their  interior  the  oigans 
of  hearing.  Each  bone  consists  originally  of  four  sub- 
divi«ionB-a  8quamo««ygoinatic  a  tympanic,  a  petro- 
mastoid,  and  a  aityloid — ^which  in  course  of  time  fuse 
together  to  form  an  irregular-shaped  bona  The  squamous 
part  of  the  squamoso-zygomatic  is  a  thin  plate  which  forma 
that  part  of  the  side  of  the  skull  familiarly  known  as  the 
<«  temple."  The  xygoma  extends  horizontally  forwards  ^as 
a  distinct  arched  process,  to  join  the  malar  or  cheek-bone. 
At  the  root  of  the  sygoma  is  a  smooth  fossa,  called  ^2oiom2, 
which  receives  the  condyle  of  the  lower  jaw,  and  aaaists  an 
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fonning  the  temporo-nuixillaTy  jomt  The  tympAnic  portion 
forma  in  the  foetus  a  zing,  which  enlarges  sabeeqnently  into 
a  carved  plate  that  f  onns  the  wall  of  the  external  audiicry 
sMoftii^  or  passage  into  the  tympannm  or  middle  ear.     The 
tympanic  and  sqnamoso-zygomatic  parts  of  the  bone  fose 
together;  bat  a  fissore,  called  Gkueriany  situated  behind 
the  ^enoid  f osaa^  marks  their  original  separation ;  in  this 
fiflsore  the  slender  prooeas  of  the  malleos  (one  of  the  bones 
of  the  ^mpannm)  is  lodged.    The  petro-mastoid  or  periotic 
put  of  the  temporal  contains  the  organ  of  hearing,  and  is 
ocMopIicated  in  its  internal  anatomy.    It  extends  forwards 
and  inwards  along  the  floor  of  the  skull,  and  forms  on  the 
exterior  of  the  skoll  the  large  nipple-shaped  mastoid  pro- 
eeaa.     This  process  is  rough  on  its  outer  surface,  for  the 
attachment  of  masdes,  and  is  hollowed  out  internally  into 
the  mastoid  cells  or  air-sinuBeSy  which  communicate  with 
the  ^^panum  or  middle  ear.     The  petrous-temporal  is 
distingaished  by  its  stony  hardness,  and  has  the  form  of  a 
threeaided  p3rramid.     Its  apex  lies  in  relation  to  the  side 
of  the  body  of  the  sphenoid ;  its  base  corresponds  to  the 
tympanic  cavity  and  external  meatus ;  its  under  surface  is 
nm^  and  forms  a  part  of  the  under  surface  of  the  skull ; 
its  anteri<M'  and  posterior  surfaces  are  smooth  and  in  relar 
tion  to  certain  parts  of  the  brain.     The  petrous  part  of  the 
bone  is  traversed  by  a  canal  which  transmits  the  internal 
carotid  artery  and  sympc^thetic  nerve  into  the  cranial 
cavity;  in  its  posterior  surface  is  a  passage,  internal 
wuaimi^  down  which  the  seventh  cranial  nerve  proceeds ; 
at  the  bottom  of  the  meatus  the  auditory  part  of  that 
nerve  alters  the  internal  ear,  whilst  the  part  of  the  nerve 
which  goes  to  the  muscles  of  the  face  traverses  a  canal  in 
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the  bone,  called  aqnednct  of  FaUopius,  which  ends  ex- 
ternally, between  the  styloid  and  mastoid  processes,  in  the 
stj/h-m/istoid  foramof.  The  styloid  process  is  a  slender  part 
of  the  bone  which  projects  downwards  from  the  tympanic 
plate,  and  is  connected  with  the  small  cornu  of  the  hyoid 
bone  by  the  stylo-hyoid  ligament.  It  does  not  unite  with 
the  rest  of  the  bone  until  a  comparatively  late  period. 
Between  the  petrous -temporal  and  ex -occipital  is  the 
jngular  foramen,  which  transmits  out  of  the  skull  the 
eighth  cranial  nerve  and  the  internal  jugidar  vein. 

The  fourteen  bones  of  the  Face  are,  as  a  rule,  much 
smaller  than  those  of  the  Cranium ;  some  have  the  form 
of  thin  scales,  others  are  more  irregular  in  shape.  They 
are  named  as  follows :  —  Two  sui^erior  maxillary,  two 
palate,  two  malar,  two  nasal,  two  lachrymal,  two  inferior 
turbinal,  a  vomer,  and  an  inferior  maxilla. 

The  Superior  Maxillag,  or  bones  of  the  Upi>er  Jaw 
(Figs.  6  and  7,)  fonn  the  skeleton  of  a  large  j)art  of  the 
face,  and  enter  into  the  formation  of  the  walls  of  the 
cavities  of  the  nose,  mouth,  and  orbit ;  around  them  the 
other  bones  of  the  face  are  grouped.  The  facial  surface 
of  each  bone  presents  in  front  a  large  foramen  for  the 
transmission  of  the  infra-orbital  branch  of  the  fifth  cranial 
nerve,  and  behind,  several  small  foramina  for  the  trans- 
mission of  nerv^es  to  the  teeth  in  the  upper  jaw.  On  the 
same  surface  is  a  rough  process  for  articidation  with  the 
malar  bone.  The  orbital  surface  is  smooth,  forms  the 
floor  of  the  orbit,  and  possesses  a  canal  in  which  the  infra- 
orbital nerve  lies.  The  nasal  surface  forms  a  part  of  the 
outer  wall  and  floor  of  the  nostril,  and  presents  a  hole 
leading  into  a  large  hollow  in  the  substance  of  the  bone, 
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called  the  animmf  or  saperior  maxillary  air-ainTis.  The 
oaaal  soifaoe  aiticiLlates  with  the  inferior  tnrbinal  and 
palate  bonea.  The  nasal  and  facial  surfaces  become  con- 
tinuous with  each  other  at  the  anterior  aperture  of  the 
nose,  and  from  them  a  strong  process  ascends  to  join  the 
frontal  bone  dose  to  the  glabella ;  this  process  also  articu- 
lates with  the  lacfaiymal  and  nasal  bonea.  The  palatal 
smface  forms  a  part  of  the  bony  roof  of  the  mouth,  and 
presents  in  front  a  small  hole  (the  indnve  foramen)  which 
oommnnicates  with  the  nosei  In  the  sheep  and  many  other 
mammals  this  hole  is  of  large  size ;  the  palatal  surface  is 
bounded  externally  by  a  thick  elevated  border,  in  which 
are  the  sockets,  or  alveoli^  for  the  lodgment  of  the  fangs 
of  the  teeth;  internally  this  surface  articulates  by  a  narrow 
bolder  with  the  other  superior  maxilla  and  with  the  vomer, 
and,  posteriorly,  with  the  palate-bone. 

The  Fdate-bone  (Fig.  7)  lies  in  contact  with  the 
inner  surface  and  posterior  border  of  the  superior 
maxiHa,  and  separates  it  from  the  sphenoid  It  is  in 
9bape  not  unlike  the  capital  letter  L,  the  horizontal 
Hmb  forming  the  hinder  part  of  the  bony 'roof  of  the 
mouth  by  its  lower  surface,  and  the  back  part  of  the  floor 
of  the  nose  by  its  upper.  The  ascending  limb  assists  in 
fanning  the  outer  wall  of  the  nose,  and  subdivides  into 
an  antericH*,  or  crbital,  and  a  posterior,  or  tphenoidcdy  pro- 
cess. At  the  junction  of  the  two  limbs  is  the  pyramidal 
^foeem,  which  articulates  with  the  lower  ends  of  the 
pterygoid  processes  of  the  sphenoid. 

The  Tomer  (Fig.  7),  shaped  like  a  ploughshare,  lies 
vertically  in  the  mesial  plane  of  the  nose,  and  forms  a 
large  part  of  the  partition  which  separates  one  nostril  from 
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the  other.  It  articulates  above  with  the  under  surface  of 
the  body  of  the  sphenoid  and  the  mes-€thmoid ;  below 
with  the  palatal  processes  of  the  superior  maxillaj  and 
palate-bones ;  in  front  with  the  septal  cartilage  of  the  nose, 
whilst  the  posterior  border  is  free,  and  fonns  the  hinder 
edge  of  the  nasal  septuni. 

The  Inferior  Turbinated  is  a  slightly  convoluted  bone 
situated  on  the  outer  wall  of  the  nose,  where  it  articulates 
with  the  superior  maxilla  and  palate  a  little  below  the 
middle  turbinal  of  the  ethmoid. 

The  Lachrymal  (Fig.  6)  is  a  small  scale-like  bone,  in 
shape  not  unlike  a  finger-nail,  placed  at  the  inner  wall 
of  the  orbit,  and  fitting  between  the  ethmoid,  superior 
maxilla,  and  frontal  bones.  It  has  a  groove  on  the  outer 
surface,  in  which  is  lodged  the  lachrjmial  sac. 

The  Na.^al  (Fig.  G)  is  a  thin,  somewhat  elongated 
bone,  which,  articulating  witli  its  fellow  in  the  middle 
line,  forms  with  it  the  bony  bridge  of  the  nose ;  above,  it 
articulates  with  the  frontal,  and  by  its  outer  border  with 
the  ascending  process  of  the  superior  maxilla. 

The  Malar  bone  (Fig.  G),  irregular  in  shape,  forms  the 
prominence  of  the  cheek,  and  completes  the  (mter  wall 
of  the  orbit.  It  rests  upon  the  superior  maxilla ;  by  its 
orbital  plate  it  articulates  with  the  great  wing  of  the 
sphenoid  ;  by  its  ascending  process  with  the  external 
angular  process  of  the  frontal;  by  its  posterior  process  with 
the  zygomatic  process  of  the  temporal,  so  as  to  complete 
the  zygomatic  arch. 

The  Inferior  ^[axilla.  Lower  Jaw,  or  Mandible  (Figs.  6 
and  7),  is  a  large  horse-shoe  sliaped  bone,  which  has 
the  distinction  of  being  the  only  movable  bone  of  the 
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head.  It  oonsistB  originaUy  of  two  8et)aitite  halves,  winch 
unite  dtuing  the  first  year  of  life  into  a  single  bone  at  the 
tfmpkfm  or  chin.  A  characteristio  feature  of  the  htunan 
lower  jaw  is  the  forward  slope  of  the  bone  at  the  diin,  for 
in  other  Tnamnials  the  symphysiB  inclines  backwardsL  In 
the  upper  border  of  this  bone  are  the  sockets  for  the  lower 
iseiies  of  teeth.  At  the  posterior  end  of  the  horse-shoe 
conre  on  each  side  the  bone  ascends  almost  vertically,  and 
terminates  in  two  processes-^an  anterior,  or  eofnmaidf 
which  is  for  the  insertion  of  the  temporal  mnsde,  and  a 
posterior,  or  condyle^  which  is  for  articolation  with  the  glen- 
oid fossa  of  the  temporal  bone.  Where  the  ascending  and 
horizontal  Hmbs  of  the  bone  are  continnons,  it  forms  the 
angle,  which  is  almost  a  ri^t  angla  On  the  inner  sorfaoe 
of  the  ascending  limb  is  a  large  foramen,  commnnicating 
with  a  canal  which  traverses  the  bone  below  the  sockets 
for  the  teeth.  In  this  canal  are  lodged  the  nerves  and 
blood-vessels  for  these  teeth. 

The  Hyoid  bone  lies  in  the  neck,  a  little  below  the 
lower  border  of  the  inferior  maxilla  (Figs.  6  and  7).  It 
is  shaped  like  the  letter  XT,  and  consists  of  a  body,  or  bad- 
hyaly  from  which  two  long  horns,  or  ttyloAyalgy  project 
backwards.  At  the  junction  of  the  body  and  horns  two 
smaller  oornna,  or  eerato-kyaby  project  upwards,  and  are 
connected  with  the  styloid  processes  of  the  temporal  bones, 
or  stylo-hyalsy  by  the  stylo-hyoid  ligaments,  or  epirhyaU. 
The  hyoid  is  the  bone  from  which  the  mnscles  of  the  tongne 
arise,  and  it  is  situated  immediately  above  the  thyroid 
cartilage  of  the  larynx,  to  which  it  is  attached  by  ligaments. 

In  its  general  form  the  Sknil  is  ovoid,  with  the  long 
axis  extending  antero-posteriorly,  the  frontal  and  occipital 
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endB  rounded,  and  the  Bides  somewhat  flattened.  Its 
average  length  in  the  people  of  the  British  Islands  is  a 
little  more  than  7  inches  ]  its  greatest  breadth  abont  5^ 
inches;  and  its  height,  from  the  phme  of  the  foramen 
magntun  to  the  vertex,  about  5^  inches.  Its  greatest 
circumference  is  about  21  inches.  The  breadth  of  the 
face  across  the  sygomatic  arches  is  about  5  inches  The 
average  capacity  of  the  brain  cavity  is  92  cubic  inches. 
The  British  skull  is  doUco-cephalic  and  orthognathic 

The  lateral  r^ons  of  the  skull  are  called  the  teaq>onU 
fowxy  and  give  origin  to  the  temporal  muscles.  Under 
cover  of  each  zygomatic  arch  is  the  ty^omat^  fouau  At 
the  bottom  of  this  is  a  hollow  between  the  superior  maxilla 
and  sphenoid,  called  iphmo^naxiUcay  foeaOf  from  which 
the  pUrygo^maxiUary  ftuwre  extends  downwaids  between 
the  pteiygoid  and  superior  maxillary  j  and  the  ^pikaio- 
maxiUary  fi$9ure  extends  upwards  into  the  orbit 

The  orbit  is  a  four-walled  pyramidal  cavity,  with  the 
base  directed  forward  to  the  face,  and  the  i^ex  backward 
to  the  brain  cavity.  At  the  apex  are  the  foramina  in  the 
sphenoid,  through  which  the  nerve  of  sight  and  other  nerves 
pass  from  the  brain  to  the  eyeball,  musdes,  and  other  soft 
structures  within  the  orbit 

The  nostrils  open  on  the  front  of  the  face  by  a  large 
opening  situated  between  the  two  superior  maxillie,  and 
bounded  above  by  the  two  nasals.  The  sides  of  the 
opening  pass  down  almost  vertically  to  join  the  floor,  and 
are  not  rounded  off  as  in  the  ape's  skull ;  from  the  centre 
of  the  floor  a  sharp  process,  the  na$al  tpine  of  the  superior 
maxillae,  projects  forwards,  and  forms  a  chaiacteriatic 
feature  of  the  human  skulL    Attached  to  the  sides  of  the 
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^leiiiBg  al«  the  lateral  eaitilagea  of  the  nose,  which  form 
the  wing^  of  the  noatiila,  and  so  modify  the  position  of 
their  openinga  that  in  the  fooe  Uiey  look  downwards.  The 
DOitrila  are  aeparated  from  each  other  by  a  vertical  mesial 
paititionoomposedof  the  mea^thmoid,  vomer,  and  triangular 
nasal  cartilagp,  the  last-named  of  which  projects  forward 
beyond  the  anterior  surface  of  the  upper  jaw,  and  con- 
tributes materialtyto  the  prominence  of  the  nose.  The 
outer  wall  of  each  nostril  presents  the  convoluted  tnrbinalsy 
which  are  separated  from  each  other  by  horisontal  passages 
extending  antero-posteriorly ;  the  superior  passage  or 
nflgfgt  Ilea  between  the  superior  and  middle  tnrbinahi  of 
the  fAmaid,  and  is  continued  into  the  sphenoidal  and 
posterior  ethmoidal  air-sinuses;  the  middle  mealue  lies 
between  the  middle  and  inferior  turbinals,  and  is  continued 
into  the  frontal,  anterior  ethmoidal,  and  nuudllaiy  air- 
sinnsewL  These  sinuses  are  therefore  extensions  of  the  nasal 
rJiambar  or  lespiratoiy  passage,  and  correspond  with  the 
air  cavities  which  exist  in  so  many  of  the  bones  of  Inrds ; 
the  tirferior  meatms  heB  between  the  inferior  tnrbinal  and 
floor  of  the  nose ;  into  its  anterior  part  opens  the  nasal 
duet  which  conveys  the  tears  from  the  front  of  the  eyebalL 
The  posterior  openings  of  the  nose  areseparated  from  each 
other  by  the  hinder  edge  of  the  vomer,  and  are  placed 
between  the  internal  pterygoid  plates  of  the  sphenoid. 

The  skull  varies  in  appearance  at  different  periods  of  life. 
In  infancy  the  face  is  small,  about  ^th  of  the  sise  of  the 
eotiie  head,  for  the  teeth  are  still  rudimentary  and  the 
jaws  are  feeble;  the  centres  of  ossification  of  the  cranial 
bones  are  prominent;  the  forehead  projects;  the  skull  is 
widest  at  the  parietal  eminences ;  the  air-sinuses,  and  bony 
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ridges  eoRQspoiiding  io  tb^m^  hftvd  not  formed.  In  the 
ftdnlt  the  face  if  aboat  half  Uie  riM  of  iht  head,  and  ita 
Tertica!  diameter  18  greatly  elongated,  from  ilia  growth 
aatram,  the  noee,  and  the  dental  borden  of  the  jaws;  and 
the  an^e  of  the  lower  jaw  ia  almost  a  right  aa^e.  In  old 
age  the  teeth  fall  out,  the  jaws  ahrink  in,  their  dantal 
bordefB  become  absorbed^  the  angle  of  the  lower  jaw,  as  in 
infancy;  is  obtuse ;  the  rertex  and  floor  of  the  akoU  alao 
become  flattened,  and  the  sides  bulge  outwards,^— changea^ 
doe  to  gravitetion  and  the  sabsidenoe  of  the  bonea  bgrtheir 
own  weight 

The  sknU  of  a  woman  is  smaller  and  lighter,  with  the 
moscolar  ridges  and  projections  dne  to  the  air-ainiiaea  laaa 
strongly  marked  than  in  a  man,  but  with  the  eminences 
or  centres  of  ossification  moro  prominent  The  more 
feeble  air-sinnses  imply  a  more  restricted  rospiiatoiy 
activity  and  a  less  active  mode  of  life  than  in  a  man«  The 
internal  capacity  is  aboat  10  per  cent  less  than  thai  of 
the  male.  The  face  is  smaller  in  proportion  to  the  cnninm ; 
the  craninm  is  more  flattened  at  the  vertex,  and  thehei^t 
is  consequently  not  so  great  in  proportion  to  the  length  as  in 
the  man.  In  the  adult  female  sknU,  therefore,  the  Infantile 
characton  are  less  departed  from  than  is  the  case  in  the  mala 

Appskdioulab  Skeletox. 

uppkb  lock 

Turning  now  to  the  Appxndiculab  Sxelxtoit,  we  shall 
consider  first  that  of  the  Supibiob  or  TnoBAao  or 
Fscro&AL  ExTBXxmr,  or  Upper  Limk  The  Upper  Limb 
may  be  subdivided  into  a  proximal  part  or  shonlder,  a 
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distal  part  or  haad,  and  aa  intennediate  abaft,  whidbi  eon- 
siati  of  an  iq>par  arm  or  hrackUim^  and  a  foie-arm  or  atUv- 
hrackimm.  In  aach  of  tbeee  anbdiviaioDa  certain  bonaa  ara 
fovod:  lA  tba  ahooldary  th^  clavicle  and  acapnia;  in  tbe 
upper  arm,  the  bnmema ;  in  tba  iove-ann,  tba  mdina  and 
uhiay  tba  bone  of  tbe  nppar  arm  in  man  being  longer  tban 
tba  bonea  of  tba  forearm;  in  tbe  band,  tbe  carpel  and 
metacarpal  bonea  and  tbe  pbalange^  Tbe  acapnia  and 
^viele  tqgetber  form  an  impeifect  bony  arcb,  tbe  Scapular 
Aieb  or  Sbooldar  Oirdle ;  tbe  abaft  and  band  f oim  a  free 
diyergent  Appendagai  Tbe  abonlder  girdle  ia  tbe  direct 
medium  of  connection  between  tbe  axial  skeleton  and  tba 
divergent  part  of  tbe  limb;  ita  anterior  aegaient>  tbe 
clayieb)^  articnlatea  wjtb  tbe  npper  end  of  tbe  atemnmi 
wbilat  ita  poateiior  aegmenti  tbe  acapnlay  apppoacbee^  bat 
doea  not  leacb,  tbe  dorsal  spineflt 


fdrdle  to  lh«  bvnk.  V,  »DomlVert«bnt;  C.ABlb;8t,tlw8fe«iiiO]n;8c  the 
Soipiito;  Cr,  the  OotMoldt  CI,  the  devtale;  If,  the  Itadeeae  aft  He  itenul 
end;  H,  the  Haaenu. 

Tbe  CSaTide,  pr  Collar  Sone  (Fig.  9),  is  an  elongated 
bone  wbicb  extends  from  tba  npper  end  of  tbe  stemnm 
borisontallj  ontwardsi  to  articulate  witb  tbe  aevDmion 
I«ocaaa  of  tbe  scapula^  It  preaenta  a  strong  sigmoidal 
corvey  wbicb  ia  asaodated  witbtbe  transverBc  andborisontal 
direction  of  tbe  axis  of  tbe  boman  abonlder*    It  19  slender 
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in  the  female,  but  powerful  in  mnscnlar  nudes ;  itBstenial 
end  is  thick  and  somewhat  triangolar ;  its  acromial  end, 
flattened  from  above  downwards,  has  an  oral  aiticalar 
sorf aoe  for  the  acromion.  Its  shaft  has  four  snzfaoes  for 
the  attachment  of  muscles;  and  a  strong  ligament,  con- 
necting it  with  the  coracoid,  is  attached  to  the  under 
surface,  near  the  outer  end,  whilst  near  the  inner  a  strong 
h'gament  passes  between  it  and  the  first  rib.  The  davick 
is  absent  in  the  hoofed  quadrupeds,  in  the  seals  and  whales, 
and  is  feeble  in  the  camivora;  but  is  well  formed,  not  only 
in  man,  but  in  apes,  bats,  and  in  many  rodents  and 
insectivora. 

The  Scapula,  or  Shoulder  Blade  (Fig.  9),  is  the  most 
important  bone  of  the  shoulder  giixUe,  and  is  present  in 
all  mammala    It  lies  at  the  upper  and  back  part  of  tiie 
wall  of  the  chest,  reaching  from  the  second  to  the  seventh 
rib.     Its  form  is  plate-like  and  triangular,  with  three 
surfaces,  three  borders,  and  three  anglea     The  funda- 
mental form  of  the  scapula,  as  seen  in  the  mole,  is  that  of 
a  three-sided  prismatic  rod,  and  its  assumption  of  the 
plate  or  blade-like  character  in  man  is  in  connection  with 
the  great  development  of  the  muscles  which  rotate  the 
humerus  at  the  shoulder  joint      Its  costal  ot  ventrsl 
surface  is  in  relation  to  the  ribs,  from  which  it  ib  separated 
by  certain  muscles:  one,  called  subscapukris,  arises  from 
the  surface  itself,  which  is  often  tenned  sub»eapmlar  Jtma^ 
The  dorsum  or  back  of  the  scapula  is  traversed  from  behind 
forwards  by  a  prominent  tpme^  which^lies  in  the  proper  axis 
of  the  scapula,  and  subdivides  this  aspect  of  the  bone  into 
a  surface  above  the  spine,  the  mpr^  or  prcd^pmom  fima^ 
and  one  below  the  spine,  the  infra-  or  pa9i'^pm<m$  fomu 
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Hm  Bpina)  archea  forwards,  to 
end  in  a  broad  flattened  procem, 
the  aerxmutm,  irhich  haa  an  oral 
articalar  Buf ace  for  tlie  clavicle ; 
both  apnne  and  bgiiwuoii  are 
luigely  deneloped  in  the  hnman 
scapula  in  correlation  vith  the 
great  sise  of  the  tiapeniiB  and 
deltoid  mnscke,  which  ore  con- 
cerned ia  the  elevation  and  ab- 
duction of  the  upper  limbi  The 
borders  ot  tile  scapula,  directed 
upwards,  backwards,  and  down- 
wards, givB  attachiDBut  to  several 
muscles.  The  angles  are  inferior, 
Eupero-poatenn',  and  supenvan- 
Unot.  The  enpero-anteiior  ia  the 
most  importaQt ;  it  is  truncated, 
and  preeenta  a  large,  shallow,  oral, 
smooth  taiUxB,  the  fflmoid  Jbna, 
for  articulation  witlL  the  humems, 
to  form  the  shoulder  joint  Over- 
hnnging  the  glenoid  fossa  is  a 
curved  beak4ike  procees,  the 
eoraooid,  which  is  of  importance 
as  corresponding  with  the  separate 
coracoid  bone  of  birds  and  leptiUs. 
lite  line  of  dranarcation  between  it  acnBiHpnaaiCr.  eonxu 
and  the  scapula  proper  is  mailed  £/!S5',£l,StJi5*B?** 
on  the  upper  btwder  of  the  scapula    pfjj,'"' 


-TU  ArnmMniB  « 
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by  the  snpra-acapular  notch. 


hrsis. 
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The  Homeras,  or  bon&  of  the  Upper  Ana  (Fig.  9)»  is  » 
long  bone,  and  conaists  pf  a  shaft  and  two  esctremilM 
The  upper  extremity  of  thia  bone  possesses  a  cooTex 
spheroidal  smooth  surface,  the  head^  for  articulation  with 
the  glenoid  fossa  of  the  scapula;  it  is  surrounded  by  a  nap» 
row  constricted  necib,  and  where  the  neck  and  shaft  become 
continuous  with  each  other,  two  processes  or  iyib^rariiUBUt 
found,  to  which  are  attached  the  rotator  muscles  aziBing 
from  the  scapular  fossso.  Between  the  tuberositieB  is  a 
groove  in  which  the  long  tendon  of  the  biceps  resta.  A 
line  drawn  through  the  head  of  the  humerus  perpendicular 
to  the  middle  of  its  articular  surf  ace,  forms  with  the  axis  of 
the  shaft  of  the  bone  an  angle  of  4Q^  The  shaft  of  the 
humerus  Ib  cylindnform  above,  but  flattened  and  expanded 
below ;  about,  midway  dpwn  the  outer  surface  is  a  ron^ 
ridge  for  the  insertion  of  the  deltoid  musde,  and  on  th^ 
inner  surface  another  rough  mark  for  the  insertion  of  the 
coraco-brachialis.  The  demarcation  between  the  cylindn- 
form and  expanded  parts  of  the  shaft  is  marked  by  a 
shallow  groove  winding  round  the  back  of  the  bonSi  in 
which  the  musculo-spiral  nerve  is  lodged.  The  lower 
extremity  of  the  humerus  consists  of  an  articular  and  a 
non-articular  portion.  The  articular  presents  a  small  head 
or  eapUellum  for  the  radius,  and  a  pulley  or  tfvMea  for 
the  movements  of  the  ulna  in  flexion  and  extension  of  the 
limb.  The  non-articular  part  consists  of  two  condyloid 
eminences,  internal  and  external  From  the  extemalyOripi^ 
amdyle^  a  ridge  passes  for  some  distance  along  the  ooftsr 
border  of  the  bone ;  it  gives  origin  to  the  snpinalor  and 
extensor  muscles  in  the  fore-arm.  From  the  internal  emi- 
nence, or  tpi4roeklea^  a  ridge  passes  up  the  inner  border  of 
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the  shaft  of  the  bone;  this  eminence  gives  origin  to  the 
fxrooator  and  flexor  musdes  in  the  f ore-enn.  In  nearly 
two  per  cent  (A  the  bodies  examined  in  the  anatomy-rooms 
in  the  University  of  Edinboigh,  a  hooked  process  has  been 
seen  |«DJecting  from  the  shaft  of  the  bone,  about  2  inches 
above  the  ^-trochlea;  this  process  is  connected  to  the 
epi-Hoehlea  by  a  fibrous  band,  so  as  to  form  a  foramen, 
whidi  lias  been  called  mtprO'Condyloid,  In  these  cases 
the  median  nerve  invariably  passes  through  the  foramen, 
and  not  nnfrequently  is  accompanied  by  the  brachial 
artery.  In  the  feline  camivora  and  some  other  mammals 
a  foiBmeii  constantly  occurs  in  this  part  of  the  humerus, 
throng  which,  as  a  rule,  both  nerve  and  artery  proceed, 
though  in  the  common  seal  it  transmits  only  the  nerve. 

Before  describing  the  two  bones  of  the  fore-arm,  the 
anatcmiist  should  note  the  range  of  movement  which  can 
take  place  between  them.  In  one  position,  which  is  called 
mpime,  they  lie  parallel  to  each  other,  the  radius  being  the 
more  external  bone,  and  the  palm  of  the  hand  being 
directed  forwards;  in  the  other  or  prone  position  the 
radine  gooses  obliquely  in  front  of  the  uln%.  and  the  palm 
of  the  hand  is  direeted  backwaids.  Not  only  the  bones 
of  the  f  oie«nn,  but  those,  of  the  hand  are  supposed  to  be 
in  the  aapine  position  when  they  are  described. 

The  Radius  (Fig»  9)istheouterboneof  theFore4irm,ahd 
like  all  long  bones  possesses  a  shaft  and  two  extremities. 
The  upper  extremity  or  head  has  a  shallow,  smooth  cup  for 
moving  on  the  capitellum  of  the  humerus;  the  outer 
jnaigin  of  the  cup  is  also  smooth,  for  articulation  with  the 
i^}wM.  gad  fipiriwlAr  ligament;  below  the  cup  is  a  conBtricte4 
medk^  and  immediately  below  the  neck  a  tvberotity  for  the 
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iosertion  of  the  Uceps.  The  shaft  of  the  bone  posaeawA 
three  surfaces  for  the  attachment  of  mnsdes,  and  a  ahaip 

inner  border  for  the  interosseoos  membrane.     The  lower 

• 

end  of  the  bone  is  much  broader  than  the  upper,  and  is 
marked  posteriorly  by  grooves  for  the  lodgment  of  tendons 
passing  to  the  back  of  the  hand :  from  its  oater  bonier  a 
pointed  styloid  process  projects  downwards ;  its  inner  bolder 
has  a  smooth  shallow  fossa  for  articulation  with  the  ulna,  and 
its  broad  lower  surface  is  smooth  and  concave,  for  articula- 
tion with  the  scaphoid  and  semilunar  bones  of  the  wrist. 

The  Ulna  (Fig.  9)  is  also  a  long  bonei  Its  upper  end  ia 
subdivided  into  two  strong  processes  by  a  deep  fossa,  the 
greater  ngmcid  cavity^  which  possesses  a  smooth  surface 
for  articulation  with  the  trochlea  of  the  humerus.  The 
anterior  or  coronoid  process  is  marked  by  an  oblique  ridge 
for  the  insertion  of  the  brachiaHs  anticua,  whilst  the  pos- 
terior or  olecratunt  process  gives  insertion  to  the  large 
triceps  muscle  of  the  upper  arm.  Immediately  below  the 
outer  border  of  the  great  sigmoid  cavity  is  the  wmaU 
sigmoid  cavity  for  articulation  with  the  side  of  the  head  of 
the  radius.  The  shaft  of  the  bone  possesses  three  surfaces 
for  the  attachment  of  muscles,  and  a  sharp  outer  border 
for  the  interosseous  membranei  The  lower  end,  much 
smaller  than  the  upper,  has  a  pointed  styloid  process  and 
a  smooth  articular  surface,  the  outer  portion  of  which  is 
for  the  lower  end  of  the  radius,  the  lower  part  for  moving 
on  a  cartilage  of  the  wrist  joint  called  the  triangular  fibro- 
cartilage. 

The  Hand  consists  of  the  Carpus  or  wrist,  of  the  Meta- 
carpus or  palm,  and  of  the  free  Digits,  the  thumb  and  four 
fingers.     Anatomists  describe  it  with  the  palm  turned  to 
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the  fronty  and  with  its  axis  in  line  with  the  on  of  the 


The  Gaipal  or  Wiiat  bones  (Fig,  9)  are  eight  in  nnmber 
and  small  in  sise :  they  aze  arranged  in  two  rows,  a 
pnximalj — iLe.  a  row  next  thefore-arm, — consisting  of  the 
Be^)hoid,  semilnnary  coneif orm,  and  pisiform ;  and  a  distal, 
— Le,f  a  row  next  the  bones  of  the  palm,— consisting  of  a 
txi^iennm,  trapesoid,  oe  magnmn,  and  undf  orm ;  the  bones 
in  eadi  row  being  named  in  the  order  th^  are  met  with, 
from  the  radial  or  outer  to  the  nlnar  or  inner  side  of  the 
wrvt  It  18  nnneoessaiy  to  give  a  separate  description  of 
esch  bona  Except  the  pisiform  or  pearshaped  bone, 
which  artieolates  with  the  front  of  the  coneif orm,  each 
carpal  bone  is  short  and  irregnlarly  cnboidal  in  shape ;  its 
anterior  (or  palmar)  sorfaoeand  its  posterior  (or  dorsal)  being 
rough,  for  the  attachment  of  ligaments ;  its  superior  and 
inferior  surfaces  being  invariably  smooth,  for  articulation 
with  adjacent  bones ;  whilst  the  inner  and  outer  surfaces 
are  also  smooth,  for  articulation,  except  the  outer  surfaces 
of  the  scaphoid  and  trapezium  (the  two  external  bones  of 
the  carpus),  and  the  inner  surfaces  of  the  cuneiform  and 
midform  (the  two  internal  bones).  Occasionally  a  ninth  or 
sapemnmeraxy  bone  may  arise  from  the  subdivision  of  the 
sc^ihoid,  semilunar,  or  trapesoid,  into  two  pieces ;  more 
laieiy  a  distinct  bone  is  found  in  the  human  wrist  inter- 
cslated  between  the  trapezoid,  oe  magnum,  semilunar^  and 
sc^ihoid,  which  corresponds  in  position  to  the  os  inter- 
medium, found  constantly  in  the  wrist  of  the  orang,  gibbon, 
the  tailed  apes,  and  many  rodents  and  insectivora. 

The  Metacarpal  bones,  or  bones  of  the  Palm  of  the  Hand, 
aie  five  in  number  (Fig.  9).    They  are  miniature  long 
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bones,  and  each  possesses  a  shaft  and  two  extremities. 
The  metacarpal  of  the  thumb  is  the  shortest,  and  diverges 
outwards  from  the  rest :  its  carpal  extremity  is  saddle- 
phaped,  for  articulation  wdth  the  trapezium;  its  shaft  is 
somewhat  compressed,  and  its  phalangeal  end  is  smooth 
and  rounded,  for  the  first  phalanx  of  the  thumb.  The 
four  other  metacarpal  bones  belong  to  the  four  fingers : 
they  are  almost  parallel  to  each  other,  and  diminish  in  size 
from  the  second  to  the  fiftL  Their  carpal  ends  articulate 
with  the  trapezoid,  os  magnum,  and  unciform  :  their  shafts 
are  three-sided  ;  their  phalangeal  ends  articulate  wdth  the 
first  phalanges  of  the  fingers. 

The  number  of  Digits  in  the  hand  is  five,  which  is  the 
highest  numl)er  found  in  the  mammalia.  They  are  dis- 
tinguished by  the  names  of  pollex  or  thumb,  and  index, 
middle,  ring,  and  little  fingers.  Their  skeleton  consists  of 
fourteen  bones,  named  phalanges,  of  which  the  thumb 
possesses  two,  and  each  of  the  four  fingers  three.  The 
phalanx  next  the  metacarpal  bone  is  the  first,  that  which 
carries  the  nail  is  the  terminal  or  ungual  phalanx,  whilst 
the  intennediate  bone  is  the  second  phalanx.  Each  is  a 
miniature  long  bone,  with  two  articular  extremities  and  an 
intermediate  shaft,  except  the  terminal  phalanges,  which 
have  an  articular  surface  only  at  their  proximal  ends,  the 
distal  end  being  rounded  and  rough,  to  afford  a  surface 
for  the  lodgment  of  the  nail. 


LOWER  LIMB. 

The  Inferior  or  Pelvic  Extremity,  or  Lower  Limb, 
consists  of  a  proximal  part  or  haunch,  a  distal  part  or  foot, 
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and  an  intennediflU  ihaft  sobdnided  into  tlu^  and  kg. 
Each  part  has 
ita  appn^Miata 
afcalgton;  in  tlio 
haxmdi,  the  pat- 
vie  or  innomi- 
nate bone;  in  the 
thi^thefennir; 


Fta.  10^— Diasmmiiatle  traamtrm  mttlm  to  .^ 

m   the    1^,    the     therahnnwof  the  Pelvic  Olrtte  to  tlie  T^iifc.    Y.a 

^'  tMralTertebfB;  n.tlMiltaiB:  P.tte  tvopaUe* 

tihia   and  fiboht     «mIIbc  h  frank  M  tke  •ymphyris;  F,tlMf«nr, 


(the  ihi^^bone  in  man  bdng  longer  than  the  leg-bones) ; 
in  front  of  the  kneeythe  patella;  in  thefoot,thetanalaod 
metatarsal  bonaa  and  phalangeal  The  bone  ci  the  haimch 
fonns  an  arch  or  Pelyic  Girdle,  ivhich  articnlatea  behind 
with  the  side  of  the  aachmi,  tfkid  aichea  forward  to  artica- 
late  with  the  opposite  hanneh-bone  at  the  pabic  symphyiiL 
It  ia  the  direct  medinm  of  connection  between  the  axial 
skeleton  and  the  shaft  and  foot^  which  fonn  a  free  diveigent 
Appendaga 

The  Oa  Innominatomf  or  Hannch-bone,  is  a  large  iiie- 
golar  plate-like  bone,  which  forms  the  lateral  and  anterior 
bomidaiy  of  the  cavity  of  the  pelvis.  In  early  life  it  con- 
sists of  three  bones — ^ilhmi^  ischinm,  and  paUs — which 
unite  about  the  twenty-fifth  year  into  a  sin^  bone. 
These  bones  convetge,  and  join  to  form  a  deep  foasa  or 
cap,  the  aeetaHnUMm  or  cotyloid  eavUy,  on  the  outer  sor&oe 
of  the  bonoy  which  lodges  the  head  of  the  th]^i4x)ne  at 
the  hip-joint  One-fifth  of  this  cup  is  formed  by  the 
pnbes,  and  abont  two-fifths  each  by  the  ischiam  snd  iliom. 
At  the  bottom  of  the  acetabolnm  is  a  depreasion,  to  the 
sides  of  which  the  vUerartiailar  ligamaU  of  the  hip-joint 
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is  ftttached.  Fran  the  tcete- 
bulum  Hm  ilium  fiztetids  np- 
wards  and  backwards,  Uw 
udiium  downwards  and  back- 
wards, tha  pabis  forwards  and 
~'H  inwards.  In  front  of  the  acetft- 
bulum  is  a  la^e  hole,  the 
obturator  or  tkyrxiid  foramat, 
which  is  bounded  \tj  the 
ischiom  and  pnbes;  behind  the 
acetabulnm  ia  the  deep  adatie 
notch,  which  is  boiuided  bj 
the  ischiani  and  ilinm 

The  Qiam  (Fig.  10)  in  man 
is  a  broad  pJate-like  bona. 
In  its  most  simple  fonn,  as  in 
the  kangaroo,  it  is  «  thne- 
sided,  prismatic,  rod-like  bona, 
one  end  of  which  enters  into 
the  fonnation  of  the  aoelaba- 
Inm,  whilst  the  other  k  tna, 
and  forms  the  iliac  crast.  In 
man,  notwithstanding  it>  ex> 
panded  fonn,  three  surfaeea 
may  also  be  mx^paaad,  oor- 
responding  to  the  snifeoea  io 
the  iliiunof  the  kangaroo;  and,  as 
in  that  animal,  the  lower  end 

Fh.  IU-TIm  AppadXakr  SkaWoa  si  tfea  LMI  Lutnr  Unb.  O,  ISmm,  K 
iBMna,  Pk,  jnMft  th*  UirM  tut*  g(  tt«  tniumlBU*  boMi  F.  tmn;  F, 
bbMHi  Tb,tlbtoi  r«.ltalti^iippBriUtUMnBUi«l  bcm>i  CmttHt. 
tomlDf  pnolBMoi  o4  hHl  I  Ht  onnlw  U> 
iTcnJvM;  II.>HOBd.lILIIiM.IV.IiniU 
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udAiniofming  the  aoetabnlnin,  while  the  upper  end  forms 
the  iliac  crests  which,  in  man,  in  conformity  with  the  general 
expanaioD  of  the  bone,  ia  elongated  into  the  sinuona  crest 
of  the  iUnm.  This  crest  is  of  great  importance,  for  it  a£fbxds 
attachment  to  the  broad  mnsdes  which  form  the  wall  of  the 
^ftiww^Al  caWty.  One  surface  of  the  ilium  is  exUmedf  and 
marked  by  three  cnired  lines  which  snbdivide  it  into  areas 
for  the  origin  of  the  mnsdes  of  the  buttock ;  another  sur- 
face ia  anierior^  and  hollowed  out  to  give  origin  to  the 
ihacoa  muade;  the  third,  or  internal,  surface  articulates 
posteriorly  with  the  sacrum,  whilst  anteriorly  it  forms  a 
part  ol  the  wall  of  the  true  peMs.  The  external  is  sepa- 
rated from  the  anterior  surface  by  a  border  which  joins 
the  anterior  end  of  the  crest,  where  it  forms  a  process,  the 
anterior  superior  $pme»  About  the  middle  of  this  border 
jAih/banUrior inferior epine.  Betweentheeztemalandinter-< 
nal  surfaoea  is  a  border  on  which  are  found  the  posterior 
trnperioTBoAit^eriorepinee;  between theanterior and  internal 
^rfa^^  IB  the  peetwAi/  border,  which  forms  part  of  the  line 
of  separation  between  the  tone  and  false  pelvi& 

The  Pnbia  (fig.  11)  is  also  a  three-sided,  prismatic,  rod- 
like bone,  the  fundamental  form  of  which  is  obscured  by 
the  modification  in  shape  of  its  inner  end.  In  human 
anatomy  it  ia  customary  to  regard  it  as  consisting  of  a 
body  and  of  two  branches,  a  horizontal  and  a  deecendin^ 
ramMi.  The  body  and  horizontal  ramus  form  the  funda- 
mental prismatic  rod,  and  the  descending  ramus  is  merely 
a  ^wcial  ofiUioot  from  the  inner  end  of  the  rod.  The 
outer  end  of  the  rod  takea  a  part  in  the  formation  of  the 
aoetabulnm ;  the  inner  end  is  expanded  into  the  body  of 
the  pubis,  and  has  a  broad  margin,  or  eymphyeuj  for 
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articulation  with  the  corresponding  bone  on  the  opposite 
side  of  the  pelvis.  The  three  surfaces  are — a  su^^erwr,  for 
the  origin  of  the  pectineus  muscle ;  a  posterior^  which 
enters  into  the  wall  of  the  true  pelvis;  and  an  inferior, 
which  forms  the  upper  boundary  of  the  obturator  foramen. 
The  descending  ramus  is  merely  a  downward  prolongation 
of  the  inner  end  of  the  bone  which  joins  the  ischium,  and 
aids  in  forming  the  side  of  the  pubic  arch.  The  junction 
of  the  outor  end  of  the  pubis  ^ith  the  ilium  is  marked  by 
the  jyectiiieal  eminence.  The  superior  and  posterior  sur- 
faces are  separated  by  the  sharp  pectineal  line,  which, 
starting  from  the  spifie  of  the  pubis,  runs  outwards  to  aid 
in  forming  the  brim  of  the  true  pehis. 

The  Ischium  (Fig.  ll),  like  the  ilium  and  pubis,  has 
the  fundamental  form  of  a  three-sided  prismatic  rod.  One 
extremity  (the  upper)  completes  the  acetabulum,  whilst 
the  lower  forms  the  large  prominence,  or  tuber  isckii.  The 
surfaces  of  the  bone  are  internal  or  pelvic,  extemaly  and 
anterior.  The  pelvic  and  external  surfaces  are  separated 
from  each  other  by  a  shaq)  border,  on  which  is  seen  the 
ischial  spine.  The  pelvic  and  anterior  surfaces  are  sepa- 
rated by  a  border,  which  forms  a  part  of  the  boundary  of 
the  obturator  foramen ;  but  the  border  between  the  external 
and  anterior  surfaces  is  feebly  marked.  The  tuberosity, 
a  thick,  rough,  and  strong  process,  gives  origin  to 
several  powerful  muscles :  on  it  the  body  rests  in  the 
sitting  posture ;  an  offshoot,  or  ramus,  ascends  from  it 
to  join  the  descending  ramus  of  the  pubis,  and  com- 
pletes both  the  pubic  arch  and  the  margin  of  the  obturator 
foramen. 

By  the  articulation  of  the  two  innominate  bones  witli 
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cadi  other  in  £ront  at  the  pnbic  symphysis,  and  ivith  the 
aides  of  the  sacnun  behind,  the  oeseons  waUs  of  the  cavity 
<rf  the  PxLYXB  are  f onned.  This  cavity  is  subdivided  into 
a  false  and  a  true  pehna.  The  falat  pehia  hes  between 
the  expanded  wing-like  portions  of  the  two  ilia.  The  true 
pelvis  lies  below  the  two  pectineal  lines  and  the  base  of  the 
aacmm,  which  boond  its  upper  orifice,  and  f  oim  the  bran 
of  the  true  pelvis,  or  pelvic  inlet;  whilst  its  lower  orifice  or 
outlet  is  bounded  behind  by  the  coccyx,  laterally  by  the 
iscliial  tuberosities,  and  in  front  by  the  pubic  arcL  In 
the  erect  attitude  the  pelvis  is  so  inclined  that  the  plane 
of  the  biim  forms  vrith  the  horizontal  plane  an  angle  of 
from  60^  to  65^  The  axis  of  the  cavity  is  curved,  and  is 
represented  by  a  line  drawn  perpendicularly  to  the  planes 
of  the  brim,  the  cavity,  and  the  outlet;  at  the  brim  it  is 
directed  upwards  and  forwards,  at  the  outlet  downwards 
and  a  Httle  forwards.  Owing  to  the  inclination  of  the 
pdvia,  the  base  of  the  sacrum  is  nearly  4  inches  higher 
than  the  upper  border  of  the  pubic  symphjrsis.  The  female 
pelvia  is  distinguiahed  from  the  male  by  certain  sexual 
cfaaiacten.  The  bones  are  more  slender,  the  ridges  and 
proeesaes  for  muscular  attachment  more  feeble,  the  breadth 
and  ci^NMdty  greats,  the  depth  less,  the  ilia  more  expanded, 
giving  the  greater  breadth  to  the  hips  of  a  woman  than  a 
man ;  the  inlet  more  neariy  circular,  the  pubic  arch  wider,  the 
diatanoe  between  the  tuberosities  greater,  and  the  obturator 
fonuneo  more  triangular  in  the  female  than  in  the  male. 
The  greater  capacity  of  the  woman's  than  the  man's  pelvis 
»  to  afford  greater  room  for  the  expansion  of  the  uterus 
dming  pregnancy,  and  for  the  expulsion  of  the  child  at 
the  time  of  birth. 

D 
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The  Femur  or  Thigh-bone  (Fig.  11)  is  the  longest  bone 
in  the  body,  and  consists  of  a  shaft  and  two  extremities.  The 
upper  extremity  or  head  possesses  a  smooth  convex  suxlaoe, 
in  which  an  oval  roughened  fossa,  for  the  attachment  ol 
the  inter-articular  ligament  of  the  hip,  is  found;  from  the 
head  a  strong  elongated  neck  passes  downwards  and  out- 
wards to  join  the  upper  end  of  the  shaft;  the  place  ol 
junction  is  marked  by  two  processes  or  troehagUen:  the 
external  is  of  large  size,  and  to  it  are  attached  many 
muscles;  the  internal  is  much  smaller,  and  gives  attachment 
to  the  psoas  and  iliacus  musdes.  A  line  drawn  throu^  the 
axis  of  the  head  and  neck  forms  with  a  vertical  line  drawn 
through  the  shaft  an  angle  of  30^;  in  a  woman  this  an^ 
is  less  obtuse  than  in  a  man,  and  the  obliquity  of  the 
shaft  of  the  femur  is  greater  in  the  former  than  in  the 
latter.  The  shaft  is  almost  cylindrical  about  its  centre, 
but  expanded  above  and  below;  its  front  and  aides  give 
origin  to  the  extensor  muscles  of  the  leg;  behind  there  is 
a  rough  ridge,  which,  though  called  linea  oMpera^  is  really 
a  narrow  surface  and  not  a  line;  it  gives  attachment  to 
several  muscles.  The  lower  end  of  the  bone  presents 
a  laige  smooth  articular  surface  for  the  knee-joint^  the 
anterior  portion  of  which  forms  a  trochlea  or  pulley  for  the 
movements  of  the  patella,  whilst  the  lower  and  posterior 
part  is  subdivided  into  two  convex  condfUe  by  a  deep 
fossa  which  gives  attachment  to  the  crucial  ligaments  ol 
the  knee.  The  inner  and  outer  surfaces  of  this  end  of  the 
bone  are  rough,  for  the  attachment  of  musdes  and  the 
lateral  ligaments  of  the  knee. 

The  Patella  or  Knee-pan  (Fig.  11)  is  a  small  triaogdar 
flattened  bone  developed  in  the  tendon  of  the  great 
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muBdes  of  the  1^«  Its  anterior  sorfaoe  and  aides  are 
rough,  for  the  attachment  of  the  fibres  of  that  tendon;  its 
posterior  smlBoe  is  smooth,  and  enters  into  the  formation 
of  the  knee-joint. 

Between  the  two  bones  of  the  leg  there  are  no  move- 
menta  of  pronation  and  supination  as  between  the  two 
bones  of  the  f or»«nn.  The  tibia  and  fibnla  are  fixed  in 
position;  tihe  fibohi  is  always  external,  the  tibia  internal 

Ihe  TSbia  or  Shin>bone  (Fig.  11)  is  the  larger  and 
more  important  of  the  two  bones  of  the  leg;  the  femnr 
moves  and  rests  upon  its  upper  end,  and  down  it  the 
wei^t  of  the  body  in  the  erect  position  is  transmitted  to 
the  foot  Except  the  femur,  it  is  the  longest  bone  of  the 
ftkdetcm,  and  consists  of  a  shaft  and  two  extremities.  The 
upper  extremity  is  broad,  and  is  expanded  into  two  tvber- 
cmUe$f  the  external  of  which  has  a  small  articular  facet 
inferiofly,  for  the  head  of  the  fibula;  superiorly,  the  tuber- 
oHties  hare  two  smooth  surfaces,  for  articulation  with  the 
eoiKi^les  of  the  femur;  they  are  separated  by  an  intermediate 
100^  sorfaoe,  from  which  a  short  $pme  projects,  which  gives 
attschments  to  the  inter-articular  crudal  ligaments  and 
aemihuiar  cartilageB  of  the  knee,  and  lies  opposite  the  inter- 
oondyloid  fossa  of  the  femur.  The  shape  of  the  bon^  is 
threeeided;  its  inner  surface  is  subcutaneous,  and  forms 
the  shin;  its  outer  and  posterior  surfaces  are  for  the  origin 
of  mnsdes;  the  anterior  border  forms  the  sharp  ridge  of  the 
shm,  and  terminates  superioriy  in  a  tubercle  for  the  inser 
tion  of  the  extensor  tendon  of  the  leg ;  the  outer  border 
cf  the  bone  gives  attachment  to  the  inter-osseous  membrane 
cf  the  le^  The  lower  end  of  the  bone,  smaller  than  the 
upper,  IS  prdonged  intoa  broad  process,  iiUemal  maUeoUu, 
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which  f<»iiis  the  inner  prominence  of  the  ankle:  its  under 
sorfaoe  is  smooth  for  articolation  with  the  astragalns ;  exter- 
nally it  articulates  with  the  lower  end  of  the  fibula. 

The  Hbnla,  or  Splint-bone  of  the  leg  (Fig.  11),  is  a 
slender  long  bone  with  a  shaft  and  two  extremities.  The 
upper  end  or  head  articulates  with  the  outer  tuberosity  of 
the  tibia.  The  shaft  is  three-sided,  and  roughened  for  the 
origins  of  muscles;  along  the  inner  surface  is  a  slender 
ridge  for  the  attachment  of  the  interosseous  membrane 
The  lower  end  has  a  strong  process  (external  malleolus)  pro- 
jecting downwards  to  form  the  outer  prominence  of  the  ankle, 
and  possesses  a  smooth  inner  surface  for  articulation  with 
the  astragalus,  above  which  is  a  rough  surface  for  the  attach- 
ment of  ligaments  which  bind  together  the  tibia  and  fibula. 

The  Foot  consists  of  the  Tarsus,  the  Metatarsus,  and  the 
five  free  Digits  or  Toes,  which  is  the  nn^yitniim  number 
found  in  Tnammah  The  human  foot  is  placed  in  the  prone 
position,  with  the  sole  or  plantar  surface  in  relation  to  the 
ground ;  the  dorsum  or  back  of  the  foot  directed  upwards ; 
the  axis  of  the  foot  at  about  a  right  angle  to  the  axis  of  the 
leg ;  and  the  great  toe  or  haUux,  which  is  the  corresponding 
digit  to  the  thumb,  at  the  inner  border  of  the  foot  The 
human  foot,  therefore,  is  a  pentadactylous,  plantigrade  foot 

The  bones  of  the  Tarsos,  or  Ankle  (Fig.  11,  Tr),  are  seven 
in  number,  and  are  arranged  in  two  transverse  rows, — a 
proximal,  next  the  bones  of  the  leg,  consisting  of  the 
astragalus,  os  calds,  and  scaphoid;  a  distal,  next  the 
metatarsus,  consisting  of  the  cuboid,  ecto»,  meso-,  and 
ento-cuneifonn«  If  the  tarsal  bones  be  looked  at  along 
with  those  of  the  metatarsus  and  toes,  the  bones  of  the 
foot  may  be  arranged  in  two  longitudinal  oolnmns, — an 
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oater,  oonaiBting  of  the  os  caldB,  cuboid,  and  tlie  metatarsal 
bones  and  phalanges  of  the  fourth  and  fifth  toes ;  an  inner 
oofaunn  consisting  of  the  astragalus,  scaphoid,  three  cunei- 
fonn,  and  the  metatarsal  bones  and  phalanges  of  the  first, 
second,  and  third  toes.  The  tarsal,  like  the  carpal  bones, 
are  short  and  irregularly  cuboidal ;  the  dorsal  and  plantar 
surfaces  are  as  a  rule  rough  for  ligaments,  but  as  the 
artragalus  is  locked  in  between  the  bones  of  the  leg  and 
the  OS  calds,  its  dorsal  and  plantar  surfaces,  as  well 
as  the  dorsum  of  the  os  calcis,  are  smooth  for  articu- 
ktim;  similarly,  its  lateral  surfaces  are  smooth  for 
articulation  with  the  two  malleoli  The  posterior  surface 
of  the  OS  calcis  projects  backwards  to  form  the  prominence 
of  the  heeL  With  this  exception,  the  bones  have  their 
anterior  and  posterior  surfaces  smooth  for  articulation. 
Their  lateral  surfaces  are  also  articular,  except  the  outer 
soifaoe  of  the  os  calcis  and  cuboid,  which  form  the  outer 
bonier ;  and  the  inner  surface  of  the  os  calcis,  scaphoid, 
and  ento-cuneif orm,  which  form  the  inner  border  of  the 
tefsiis.  A  supernumerary  bone  is  sometimes  found  in  the 
human  tarsus,  from  a  subdivision  of  either  the  ento-cunei- 
f orm,  astragalus,  os  calcis,  or  cuboid  into  two  parts.  In 
some  rodents  and  other  mammals  eight  is  the  normal 
number  of  bones  in  the  tarsus. 

The  Metatarsal  bones  and  the  Phalanges  of  the  toes 
agree  in  number  and  general  form  with  the  metacarpal 
bones  and  the  phalanges  in  the  hand.  The  bones  of  the 
great  toe  or  hallux  are  more  massive  than  those  of  the 
other  digits,  and  this  digit,  unlike  the  thumb  or  pollex, 
does  not  diverge  from  the  other  digits,  but  lies  almost 
parallel  to  them. 
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Development  and  Homologies  of  the  Skeleton. 

It  will  now  be  advisable  to  consider  bri<.?fly  the  mode  of  develoi>- 
nient  of  the  skeleton,  and  along  with  the  study  of  its  genesis  to 
compare  its  several  parts  with  each  other,  in  order  to  tiseertain  if 
correspondences  in  their  arnmgenient  and  mode  of  origin  exist,  even 
if  they  differ  in  the  function  or  olHce  which  they  perform.  When 
two  or  more  parts  or  irgans  correspond  with  each  other  in  structure, 
relative  j)osition,  and  mode  of  origin,  we  say  they  are  h<)mologou^ 
parts,  or  homohxji/cs;  whilst  |Kirts  which  have  the  same  function, 
but  do  not  corresi)ond  in  structure,  relative  position,  and  mode  of 
origin,  are  analogous  parts,  or  analofjius.  Homologous  parts  have 
therefore  a  morphological  identity  with  each  other,  whilst  analogous 
parts  have  a  ])hysiological  agreement.  The  same  pirts  may  bt^ 
lx)th  homologous  and  analogous,  as  the  fore-limbs  of  a  bat  and  a 
bird,  both  of  which,  with  the  same  fundamental  type  of  structuiv, 
are  subservient  to  liight.  In  other  cases  analogous  paits  are  not 
homologues,  as  is  illustrated  by  the  wing  of  the  insect,  which, 
though  su])servicnt  to  liight,  is  fundameutidly  ditferent  in  structure 
from  the  wing  of  the  bat  or  Ijird. 

In  the  germinal  urea  of  the  fertilised  vertebrate  ovum  a  longitudi- 
nal groove  a]»pears  wliich  marks  the  beginning  of  the  Cmnial  Cavity 
and  iSi)inal  Canal  of  the  young  embryo.  At  the  lx>ttom  of  this  cranio- 
spifutl  ffwovr  a  slender  rod  is  formed,  called  cJun'tUi  dorsitUs  or  niAo- 
cJwrd.  Each  side  of  the  gi'oove  then  becomes  elevated  as  a  thin  mem- 
brane, to  meet  Ixdiiud  to  enclose  a  canal  in  which  the  brain  and  spinal 
marrow  arc  developed.  Small  dark  masses,  the  primordial  or  proto- 
vcrfrhrUy  next  form  on  each  side  of  the  chorda  dorsalis.  In  these 
l»roto-vertebra\  about  the  sixth  or  seventh  week  of  intra-uterine 
life  of  the  human  ovum,  little  masses  of  cartilage  appear,  which 
corr«'spond  in  number  and  position  to  the  future  spinal  vertebra'. 
The  part  of  the  cartilage  which  fonns  the  body  of  the  future  vertebra 
is  <levelop(;d  arouml  the  chorda  doi'salis,  whii'h  it  enclos«'s  in  its 
su1>stance,  whilst  the  cartilaginous  ncund  arch  forms  in  the  mem- 
brane which  closes  in  the  spinal  canal.  The  fonnation  of  the.se 
c^irtilagiiious  veitebne  is  completed  in  the  human  embiyo  about  the 
fourth  month  of  intra-uterine  life.  The  bodies  of  the  cArtilaginous 
vertebra'  are  conne(;t<;d  together  by  plates  or  discs  of  intervening 
tibro-t.artilage,  which  are  also  developed  around  the  chorda  dorstilis. 
After  the  enclosure  of  the  rod-like  chorda  l)y  the  cartilaginous 
vertebrie  and  the  inter-vertebral  discs  it  disapi>ears,  no  remains 
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being  found  in  the  adult  human  body,  or  in  that  of  the  hig^ 
vertebrates^  except  perhaps  some  slight  txaoes  in  the  soft  polpy 
centres  of  the  inter-vertebnl  discs ;  althou^  in  the  cartilsginoas  fish 
it  remaioa  as  a  more  or  leas  complete  Btractnre  throa|^oat  life. 

In  each  of  the  cartilaginoiis  Tertefans  bone  begins  to  form  and 
to  spread  beyond  its  original  point  of  fonnation,  which  ia  called 
a  csmtre  or  nucleos  of  ossification ;  the  greater  part  of  the  body  ia 
formed  from  one  of  these  centres,  and  each  half  of  the  neoial  arch 
from  another ;  whilst  amsU  oadfie  centres  siiae  for  the  tips  of  the 
apinonsv  transyerse,  and  mammiUary  proceaees^  and  a  special  plate 
appears  for  both  the  upper  and  lower  soi&ces  of  the  body ;  the 
fusion  of  the  various  centres  together  to  form  a  oom{4ete  vertebra 
takes  plaoe  between  the  twentieth  and  twenty-fifth  year.  The 
atlas  has  a  separate  centre  tar  each  lateral  mass  and  one  for  the 
anterior  boundary  of  the  ring.  The  azis»  in  addition  to  the  ossific 
centrea  fonnd  in  the  Tertebre  generally,  has  one  or  two  for  the 
odontoid  process.  The  seventh  cervical  vertebra  has  the  anterior 
bar  of  its  tranaverse  process  developed  from  a  separate  centre.  Each 
ooei^geal  rertebra  possesses  only  a  sing^  centre,  which  represents 
the  body  of  the  bone. 

At  the  time  when  the  GrsnuKspmsl  canal  ia  being  dosed  in  by 
the  deFelopment  of  its  membnmoiis  walla,  the  germinal  layers  of 
t!he  young  embiy o  grow  towards  its  anterior  or  ventral  sor&oe,  and 
meet  in  the  Tential  mesial  line,  so  as  to  enclose  the  cavities  in  which 
thethoracicandabdominalvisoera  are  developed.  In  the  membranous 
wall  on  each  aide  of  the  th<»aac  cavity  twelve  cartilsginnos  rods^ 
the  future  riba,  are  developed ;  and,  connected  with  the  anterior  cada 
of  the  seven  pairs  of  upper  riba,  the  cartOaginoQS  sternum  is  foraied. 
Each  rib  oasifiea  frcmi  one  centre  for  its  shaft,  and  one  each  for  the 
head  and  tubercle.  The  sternum  ossifies  in  transverse  segments, — 
one  for  the  prae-stemnm,  cme  or  sometimes  two  for  each  of  the  faor 
sabdiviaiona  of  the  meao^sfeemum,  and  one  for  the  xiphi-stonnm. 
The  complete  ooaification  and  fusion  of  the  different  parts  of  the 
sternum  into  a  single  bone  does  not  tike  plsce  until  an  sdvanoed  sge. 

The  Axial  part  of  the  akeleton,  formed  by  the  vertebrae,  ribs,  snd 
sternum,  is  built  up  <^a  aeriea  of  thirty-three  transverse  segments, 
equal  in  number,  therefore,  to  the  bones  of  the  spine;  so  that  each 
vertebra*  according  bb  it  iB,  or  iM  vt^  azticnlited  with  a  pair  of 
riba  and  a  aegment  of  the  stcnnm,  constitates  a  complete  or 
inoomi^ete  transverse  aegment-  These  several  segments  are  serislly 
homologous  with  each  otber,  but  the  homology  is  not  so  oomplete 
in  some  of  the  ai^menta  M  in  *1«  «*J>«»-    In  the  coccygeal,  ssosl. 
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and  lumbar  rogions  of  man  and  most  vertebrates,  only  the  verte- 
bral portion  of  each  skeletal  segment  is  represented,  though  in  the 
abdominal  wall  of  the  crocodiles  abdominal  ribs  and  a  sternum  are 
developed.  In  the  thoracic  region  the  five  lowest  dorsiil  vertebrae 
have  five  pairs  of  ribs  developed  in  connection  \^'ith  them ;  whilst 
the  s(;ven  highest  vertebraj  have  not  only  their  corresponding  j^airs 
of  riV.)s,  but  also  a  sternum,  which  lx)ne,  however,  hivs  only  six  trans- 
verse segments.  In  the  cervical  region  seven  vertebne  are  found, 
but  the  anterior  bur  of  the  transverse  process,  although  fused  with 
the  vertebral  bixly,  is  homologous  with  a  rib,  for  in  man  it  some- 
times develops  as  a  distinct  movable  rib  in  connection  with  the 
»)venth  cen'ical  ;  and  in  the  crocodiles  small  movable  ribs  are 
regularly  devr'loped  in  connection  with  the  difiV^rent  cervical  verte- 
bra?. The  bodies  and  neural  arches  of  the  vertebne  are  serially 
homologous  with  each  other ;  as  a  rule  this  is  also  the  ca.se  with 
tlieir  processes,  but  the  articular  jiroccsses  of  the  atlas  and  the 
superior  pair  of  the  axis,  although  functionally  analogous,  are  not 
homologous  with  the  articular  processes  of  the  oUier  vertcbne,  but 
with  the  articular  surfaces  for  the  ribs  on  the  bodies  of  the  dorsiil 
vertebra^  for  they  lie  in  front  of,  and  not  behind,  the  vertebral 
notches  through  which  the  spinal  nerves  arc  transmitted.  The 
development  of  the  odontoid  process  of  the  axis  shows  it  to  Ix'  the 
body  of  the  atlas  displaced  from  its  proper  bone  and  fused  with  the 
body  of  the  axis. 

The  development  and  homology  of  the  Skull  is  a  much  more 
difficult  problem  to  solve  than  that  of  the  spine.  The  choixia 
dorsalis  extends  along  the  floor  of  the  skull  as  far  forwanl  as  the 
posterior  wall  of  the  pituitary  fossa.  Cartilage  is  fonned  around  it, 
without,  however,  the  previous  production  of  proto-vert»'bne,  and 
this  cartilage  is  prolonged  forward  on  each  side  of  the  fossji,  forming 
two  bill's,  the  tralx^culic  cranii ;  these  bars  then  unite,  and  form  the 
mes-(?thmoid  cartilage ;  at  the  same  time  the  cartilage  grows  out- 
wards for  some  clistiince  in  the  membranous  wall  of  the  skull,  but 
it  does  not  mount  upwards  so  as  to  close  it  in  sui)eriorly,  so  that 
the  cartilage  is  limited  to  the  floor  of  the  skull ;  moreover,  the 
tairtilage  is  not  segmented.  The  roof,  side  walls,  and  anterior  wall 
of  the  cranium  retain  for  a  time  their  primordial  membranous  struc- 
ture. This  membrane  is  prolonged  downwards  into  the  face  proj>er, 
where  it  forms  a  pair  of  maxillary  lobes  or  j^rocesses,  which  pass 
forwartls  Ixmeath  the  eyes  to  fonn  the  side  parts  of  the  face,  and 
a  mid-  or  frontal-nasal  process,  into  which  the  cartilaginous  mes- 
ethmoid  extends.     Immediately  below  each  maxillary  lobe  four 
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udu9,  eaOed  hranekua  cftviaoenU,  arise  in  the  Tentral  aspect  of  the 
haMi,  and  in  each  of  the  three  firat  of  these  arches  a  rod  of  cartilage 
It  formed.  The  arches  on  opposite  sides  unite  with  each  other  in 
the  ventnl  mesiftl  line,  bat  those  on  the  same  side  are  separated 
fnm  each  other  by  intermediate  branchial  clefts;  these  clefts  all 
dose  up  in  coarse  of  time,  except  the  upper  part  of  the  first,  which 
ranatns  as  the  external  meatos  of  the  ear,  the  tympanum,  and  the 
Eofltachian  tabe ;  whilst  the  interval  between  the  first  yisceral  arch 
and  the  maxillary  lobes  forms  the  cavity  of  the  mouth.  The  con- 
wnrion  of  the  primordial  cartilaginous  and  membranous  cranium 
into  the  bones  of  the  head  takes  place  by  the  formation  in  it  of 
nmnerons  centres  of  ossification.  The  basi-,  ex-,  and  so  much  of  the 
sDpra-oocipital  as  lies  below  the  superior  curved  line,  are  formed 
fimn  distinct  centres  in  the  cartilsginoas  floor  of  the  skull ;  whilst 
the  part  of  the  snpra-oocipital  above  the  carved  line  arises  from 
independent  centres  in  the  membranous  cranium,  the  whole  ulti- 
mately fusing  together  to  form  the  occipital  bone.  The  basi-  or 
post-^heooid,  the  pre>  with  the  orbito-sphenoids,  the  ali-sphenoid 
with  the  extenial  pterygoid  and  the  internal  pterygoid,  aliso  arise 
in  the  eartilaginoas  floor,  and  they,  together  with  the  sphenoidal 
qmigy  bones  which  are  formed  in  the  membranous  cranium,  ftiae 
into  the  sphenoid  bone.  The  palate  is  apparently  formed  by  ossifica- 
tioB  of  cartilage  continnons  with  the  bar  in  which  the  internal 
pteryycoid  arises.  The  central  pUte  and  each  lateral  mass  of  the 
stfiinnid  also  arise  in  tbe  cartilsge  by  distinct  centres.  The  inferior 
feorUnal  has  also  a  distinct  origin  in  cartilage.  The  petro-mastoid 
part  of  the  temporal  arises  in  cartilage  from  at  least  three  centres, 
peri-,  pro-,  and  opisth-otic,  and  soon  blends  with  the  squamous 
and  tjmpanie  dements  which  arise  in  the  membranous  cranium ; 
snbseqaently  the  styloid  process,  which  is  ossified  in  the  rod  of 
cartilage  in  the  second  visceral  arch,  joins  the  temporal  The  lower 
Old  of  this  aame  rod  forms  the  lesser  comu  of  the  hyoid ;  the  upper 
«kd  fimns  two  small  bones,  the  stapes  and  incus,  situated  within 
the  cavity  d  the  tympanum.  The  cartilage  of  the  third  visceral 
sffch  forms  tiw  great  comn  and  body  <^  the  hyoid  bone.  The  name 
cf  Meckers  cartilage  is  applied  to  tiie  rod  found  in  the  first  visceral 
sRh ;  its  upper  end  is  casified  into  the  malleus,  a  small  bone 
situated  in  the  tympanic  cavity;  whilst  in  the  membrane  sor- 
nmnding  the  rest  of  the  cartilage  the  lower  jaw-bone  is  formed. 
The  psiietal  and  frontal  bones  arise  altogether  in  the  membranous 
vaalt;  and  the  nasal,  lachrymal,  malar,  and  superior  maxUlie  arise 
in  eonneetion  with  the  membranous  lobes  whi<^  form  the  face  'f  the 
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vomer  is  developed  in  tlie  membrane  investing  the  mes-ethmoid 
cartiliige.  The  human  superior  maxilla  represents  not  only  the 
superior  maxilla  of  other  vertel^rates,  but  the  pre-maxillar}-  Iwne 
also ;  but  the  two  bones  become  fused  together  at  so  very  earh'  a 
jKTiod  that  it  is  difficult  to  recognise  their  original  indi]>endcnee. 
In  the  deformity  of  hare-lip  and  cleft  palate,  they  are  not  unfre- 
qucntly  seiwrated  by  a  distinct  fissure. 

Since  the  time  when  Okcn  and  Goethe  projwunded  the  theory 
that  the  skull  was  built  up  of  several  vcrtebne,  the  Vertebral  Struc- 
ture of  tlie  skull  has  led  to  much  discussion  amongst  anatomists. 
Every  one  admits  that  the  skull  is  in  series  with  the  spine,  that 
the  cranial  cavity  is  continuous  with  the  spinal  canal,  and  that  tlu* 
cranial  vault  is  fonned  in  the  wall  of  the  embryonic  cerebro-spiual 
canal.  The  skull  also,  like  the  spine,  is  transversely  scgmentetl, 
but  whether  we  regard  these  segments  as  vertcbne  or  not  will 
depend  ujx)n  the  conception  we  entertain  of  the  meaning  of  the 
term  vertebra.  If  with  Owen  we  deline  a  vertebra  to  \Mi  *'one  of 
those  segments  of  the  endo-skeleton  which  constitute  the  axis  of 
the  body  and  the  protective  canals  of  the  nervous  and  vascular 
trunks,"  then  we  may  support  the  vertebral  nature  of  the  cranial 
segments  on  the  following  grounds : — l.s^,  The  presence  of  a  series 
of  Ijones  extending  forwanls  from  the  foramen  mnguum  along  the 
]»asis  cninii,  in  series  with  the  bodies  of  ihe  sjunal  vertebra*, — c.t^, 
the  basi-occijutiil,  basi-s[»henoid,  ])re-sphenoid,  mes-ethmoid  (Fig.  7); 
2<'i,  The  presence  of  a  series  of  neural  arches  which  enclose  and 
comj)l*te  the  wall  of  the  cranial  cavity,  and  lie  in  series  with  the 
neural  archers  of  the  spinal  vcrtebne, — e.g.,  the  tx- and  supra-occi- 
])itals,  which  fonu  the  neural  arches  of  the  basi-occipital  segiuent ; 
the  ali-sphenoids  and  pariet^ils,  which  fonu  the  neural  arches  of 
the  l>a.si-splienoid  segment;  the  orbito-sphenoids  and  frontal,  which 
I'omi  the  neural  arches  of  the  pre-sphenoid  segment  ;  the  lateral 
ethmoid  and  nasid,  which  form  the  neuiul  arches  of  the  ethmoid- 
nasal  segment ;  3</,  The  j)resence  of  a  series  of  viscer.d  arches  of 
which  tlie  mandibular  and  hyoidean  enclose  the  alimentiiry  and  vas- 
cular civnals,  just  us  the  ribs  enclose  them  in  the  thorax  ;  and  4^^, 
The  presence  of  foramina  Ix'tween  the  cranial  segments  like  the  inter- 
vertebral foramina  Ix'tween  the  spinal  vertcbne  for  the  transmission 
of  nerves, — f.gr,  the  sphenoidal  lissurc  and  the  jugular  foramen. 

But  if  we  are  to  regard  a  vert<'bra  as  a  segment  of  the  axial 
skeleton,  which  in  course  of  its  formation  jvasses  through  a  definite 
series  of  developmental  changes,  then  the  cranial  s^^'gmenbs  cannot 
l>e  regardeil  as  vi;rt<;bnc  in  the  si^me  sense  as  the  spinal  segmente ; 
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tatf  Ut,  The  charda  ddnalifl  it  not  oo-eqnal  in  length  with  the  basiB 
canii,  m  it  is  with  the  bodies  of  the  spinal  vertebne,  so  that  if  the 
faHi-oodpttal  and  bed-sphenoid  segments,  the  bodies  of  which  are 
developed  azoond  it»  were  to  be  legaided  as  cranial  Tertebrae,  the 
pwephmoidal  and  ethmoido-nasal  would  not  be  morphologically  the 
auBu^  as  they  aie  fiormed  in  fnot  of  the  anterior  end  of  the  chorda. 
H  Ftoto-Tertebrs  are  f(»med  in  the  spine,  bnt  not  in  the  basis 
ciaaiL  3<^  The  spine  is  tiansvenely  segmented  in  its  cartilaginoas 
itage  of  demelapment,  bat  the  sknll  is  not  Hh^  The  transyerse 
•egmentation  of  the  skall  only  i^ipears  when  the  bones  are  formed, 
bat  the  indiTidoality  of  tbe  segments  becomee  again  concealed  by 
Um  Inrion  of  the  pie-  and  basi-e^ienoids  and  the  basi-occipitai  into 
a  oontinnoiis  bar  of  bone^  a  condition  which  is  not  fonnd  in  the 
ipne  except  in  the  saero-coccygeal  region.  5tft,  The  neural  arches 
in  the  spine  are,  like  the  bodies,  ossified  in  cartilage,  bat  in  the 
oaninm  they  are  for  tbe  most  part  ossified  in  membrane.  These 
diflerenoes  in  the  mode  of  de?elopmeiit  of  the  spine  and  basis  cranii 
nay  be  smnmarised  as  below: — 


Sjifine, 

iMSUige^ 

2d8Lag$^             Zd  Stage^ 

ithSta^ 

Cos^mented 

Proto-yertebne.        Segmented 

Segmented 

chorda, 

cartilage. 

bones. 

Basi$  OnmH, 

UtStagt,                %iSUMf^              Sd  Stage,  ith  SUage, 

Cttsegmented         Uns^gmented         Segmented  Unsegmented 

cborda  in  part.            cartilage.                bones.  bones. 

It  is  evident,  therefore,  that,  although  both  skull  and  spine  are 
developed  in  the  waUs  of  the  oerebro-spinal  grooye,  yet,  to  quote 
the  wotds  of  Hnzley,  "though  ^y  are  identical  in  general 
piaB  of  coDStniction,  the  two  begin  to  diyeige  as  soon  as  the  one 
pats  on  the  special  chancter  of  a  sknll  and  the  other  that  of  a 
Tvtebnl  column ;  the  skull  is  no  more  a  modified  yertebral  column 
than  Uie  yertebral  edumn  is  a  modified  skulL*' 

The  Limbs,  at  tlieir  first  appearance,  sprout  like  little  buds  or 
Isppsts  firam  the  aides  of  the  trunk ;  cartilage  forms  within  them, 
which  aasumea  the  shape  of  the  future  bones,  and  as  the  limbs  grow 
oatwaids,  manifestations  of  joints  appear,  and  the  subdiyision  of  each 
limb  into  its  several  segments  takes  place.  The  shaft  of  the  clavicle, 
however,  which  ossifies  before  any  of  the  other  bones,  begins  to 
focm  in  fibcooa  maubrane ;  end  at  a  much  later  period  the  ends  of 
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the  hone,  which  are  formed  in  cartilage,  unite  with  the  intermediate 
shaft.  The  soapula  ossities  from  one  centre  for  its  ox])and<Hl  plate 
and  spine,  two  small  centres  each  for  the  acromion  and  vertebral 
border,  and  one  for  the  coracoid.  In  many  verte})rates,  more  espe- 
cially birds  and  reptiles,  the  coracoid  is  a  distinct  Vwne  from  the 
scapula,  but  they  articulate  with  each  other  to  form  the  glenoid 
fossa.  Each  of  the  three  rod-like  bones  of  which  the  innominate 
bone  is  composed  ossifies  from  one  centre  for  the  shaft  of  the  bone, 
and  one  for  each  extremity ;  in  the  ilium  these  terminal  centres  are 
situated  at  the  crest  and  acetabulum  ;  in  the  ischium,  at  the  tul^er 
and  acetibulum  ;  and  in  the  pubis,  at  the  symphysis  and  acetabu- 
lum. Each  of  the  lontj  bones  of  the  shafts  of  the  limbs  ossidt-s 
from  a  single  centre  for  the  shaft,  and  one  or  more  centres  for  each 
articular  extremity.  Each  carpal  and  tarsiil  bone  ossities  from  a 
single  centre,  except  the  os  calcis,  which  possesses  an  indejtendcut 
centre  for  its  posterior  surAve.  The  metacarpal  and  metatarsal 
bon«'s  and  the  phalanges  ossify  each  from  two  centres,  one  for  the 
.shaft  and  one  for  one  of  the  extremities.  In  the  metacarpal  bones  of 
the  fingers  and  the  four  outer  metatarsals,  the  distal  end  is  that  which 
ossities  indejH'ndently  ;  in  the  metacarpal  of  the  thumb,  in  the  meta- 
tiirsnl  of  the  great  toe,  and  in  all  the  phalanges,  the  proximal  end  is 
that  which  ossities  indey)en<lently.  As  the  method  of  ossitication  of 
the  iirst  met-acaq)al  Jind  first  mct^i tarsal  corresjxjnds  with  that  of  the 
phalanges,  some  anatomists  hold  that  these  bones  are  really  the  first 
phalanges  of  their  resi>ective  digits,  and  that  the  bone  which  is  absent 
in  these  digits,  when  compared  with  the  other  digits,  is  not  a 
phalanx,  Init  a  meta-carpal  or  meta-tarsi\l  bone.  When  the  extremitv 
of  a  bone  ossifies  from  a  centre  distinct  from  the  centre  from  whi«*h 
the  shaft  arises,  it  is  called  an  epiphysis.  The  epiphysis  is  united  to  the 
shaft  of  the  growing  bone  by  an  intermediate  plate  of  cartilage,  and 
so  long  as  anv  of  this  cartilage  remains  unossitied  the  lK)ne  can 
ccmtinue  to  grow  in  length.  The  ossification  is  not  completeil  in 
\\i(\  ditlerent  bones  until  from  the  twentieth  to  the  twenty-fifth 
year,  in  the  case  of  the  long  bones,  the  epiphysis  situat^l  at  the 
end  of  the  bone,  towards  which  the  canal  in  the  shaft  which  trans- 
mits ihv  nutrient  arterv  is  directed,  ossifies  to  the  shaft  before  the 
epiphysis  at  the  other  en<l.  In  the  humerus,  tibia,  and  fibula, 
where  the  canal  is  directed  downwards,  the  ejuphyses  at  the  lower 
enrls  of  the  bones  first  unite  with  the  shaft ;  whilst  in  the  f«'mur, 
radius,  and  ulna,  where  the  canal  is  directed  upwards,  the  ossifica- 
tion first  takes  ]>lace  between  tho  upper  epiphysis  and  the  shaft. 
All  anatomists  hold  that  the  bones  of  the  shaft  and  distal  part  of 
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a  limb  belong  to  the  appendicaltr  part  of  the  skeleton,  bat  there  is 
e  diffflnaoe  of  opuuon  as  to  the  i^ace  in  the  skeleton  to  which  the 
boDes  of  the  shoulder  girdle  and  haunch  are  to  be  lefened.     Owen 
coQfiden  that  the  scapolar  and  pelvic  arches  belong  to  the  axial 
ikdeton,  and  are  homologona  with  the  ribs ;  the  acapnia  and  ooracoid 
as  the  Tiaoeral  or  rib-arch  of  the  occipital  yertebra,  the  dayide  of 
the  atlas,  and  the  innominate  bone  of  the  npper  sacral  yertebrse. 
Goodnr  objected  to  this  oonclnsion  of  Owen's  on  the  ground  that 
the  ■hookkr  girdle  was  not  in  aeries  with  the  yisceral  arches,  but 
WH  developed  outside  the  yisceral  wall,  at  the  junction  of  the 
crvhcal  end  thoracic  r^ons,  from  which  region  the  npper  limb 
reoeiTcs  its  neires,  and  not  from  the  occipito-atlantid   region, 
wfaeooe  thej  woold  haye  proceeded  had  it  been  an  appendage  of 
the  rib-arches  <if  those  segments.     Owen's  chief  aigument  for 
regifding  the  sc^mla  snd  coracoid  as  the  costal  arch  of  the  ooci- 
pital  Tcrtebra  is  because  in  fish  the  scspula  is  attached  to  the 
oodpjtal  bone  bj  a  bone  which  Cuyier  caUed  the  supra-scapula, 
aad  which  he  bdieyed  to  be  homologous  with  the  supra-scapular 
outikge  of  man  J  other  vertebrates.     Psrker,  however,  hss  recently 
poaatsd  out  thfit  the  so-called  supra-scapula  of  a  fish  is  not  homolo- 
gDQs  with  the  sai«a-scapnla  of  a  reptile  or  mammal,  that  it  is  not  a 
eartilsge  bone,  but  is  a  splint  or  scale-like  bone,  developed  as  a 
pan  of  the  deniKHskeleton.     Between  the  scapula  and  coracoid  and 
the  innominate  bone^  anatomists  have  long  recognised  homologies 
to  ezigt ;  the  scap«ila  is  generally  admitted  to  be  the  homotype 
of  the  ilimn  and  the  ooracoid  of  the  ischium,  so  that  if  these 
elements  of  the  shoulder  girdle  be  not  a  costal  arch,  neither  can 
those  of  the  pelvic  gndle.    The  clavicle  has  by  some  been  regarded 
as  the  homotype  of  the  pubis;  but  in  all  probability  the  pubis  is  homo- 
lofoos  with  the  proooraooid  bone  which  is  found  in  the  amphibia 
and  some  reptiles,  bat  is  absent  in  crocodiles,  birds,  and  mammals ; 
whilst  the  shaft  of  the  clavicle  is  represented  in  the  pelvic  girdle, 
not  by  a  bone,  bat  by  a  fibrous  band  called  Poupart's  ligament. 
Between  the  bofoes  of  the  shsfts  of  the  limbs  homologies  exist :  the 
hamovs  i»  the  homotype  of  the  femur,  the  radius  of  the  tibia,  the 
nha  of  the  fibula  ;  whilst  the  patella  has  no  representative  in  the 
baaan  upper  limb.     The  scaphoid  and  semilunar  bones  in  the 
carpQs  are  homotypes  of  the  astragalus  in  the  tarsus,  the  cunei- 
lorm  is  the  homotype  of  the  os  calcis,  the  cuboid  of  the  unciform ; 
the  trapenom  of  the  ento-cuneiform,  the  trapezoid  of  the  meso-, 
aad  the  ornagnam  of  the  ecto-cuneiform.    The  tarsal  scaphoid  is 
Bstt  ts  a  nile,  reprasented  in  the  humsa  csrpus,  but  its  homotype 
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is  the  OS  intermediuTn,  found  in  many  mamraals.  The  carpiil 
pisiform  is  a  sesamoid  bone  developed  in  the  tendon  of  a  mascde. 
The  metacarpal  hones  and  phalanges  are  homologous  with  the 
metatarsal  lx)nes  and  phalanges  ;  the  thumb  with  the  great  toe,  and 
the  fingers  with  the  four  outer  toes.  During  the  growth  of  the 
limbs  outward,  and  their  change  from  the  8imj)le  lai)iv?t-like  form 
to  their  elongated  condition,  a  rotation  of  the  proximal  segment  of 
the  shaft  takes  place — that  of  the  upj)er  limb  a  quarter  of  a  circle 
backward,  that  of  the  lower  limb  a  (juarter  of  a  circle  forwaixi — to 
produce  in  the  fonner  case  a  supine  position  of  the  fore-arm  and 
hand,  with  the  thumb  as  the  outermost  digit ;  in  the  latter  case,  a 
prone  condition  of  the  leg  and  foot,  with  the  gi-eat  toe  as  the  inner- 
most digit.  The  range  of  movement  at  the  radio-ulnar  joints 
enables  us,  however,  to  pronate  the  hand  and  fore-arm  by  throwing 
the  radius  across  the  ulna,  so  as  to  make  the  thumb  the  innermost 
digit.  In  many  quadrupeds  the  fore-leg  is  fixed  in  this  jv>sition, 
so  that  these  animals  walk  on  the  soles  of  l>oth  the  fore  and  hind  fe«t. 


CHAPTER  II. 
JOINTS  AND  MUSCLES. 


QejOEEAL  OB8EKVATION8  ON  THE  AbTICULATOBT  AND 

MuscuLAB  Systems. 

A  JomT  or  Abticulatiok  is  the  janctaon  or  union  of 
any  two  ft^aoent  ports  of  the  body.  Most  usnally  the  tenn 
is  employed  to  signify  the  connection  established  between 
eontigaoiis  bones.  It  is  by  the  joints  that  the  various 
bones  are  knit  together  to  form  the  skeleton.  Joints  may 
be  either  immaoaUe  or  movable. 

The  immovable  joints  are  divided  into  the  tymehcmdroset 
and  the  ntfurvf.  A  tynchondrosis  is  the  junction  of  two 
bones  by  the  interposition  of  an  intennediate  plate  of 
eaitikge;  the  fibrous  membrane  or  periosteum  which 
invests  the  bones  being  prolonged  from  one  bone  to  the 
other  over  the  sorfaoe  of  the  cartilaga  A  nUurt  is  the 
eoonection  of  two  booes  by  the  interlock- 
iQg  cf  a4jaoeot  toothed  margins;  the  peri- 
osteal fibrous  membrane  is  prolonged  from 


bone  to  the  other,  and  is  also  inter-  Fto.i3^v«ticias6c 
posed  between  their  adjacent  margins.  In  dumdnMia.  ^^the 
a  yooBg  sknU  toe  basi-ooapital  and  basi-    interpowd    amu* 

Age;  li  tho  Slwow 

^AfM^  are  united  by  ^nchondrosis,  but    moDiMmie    which 
jimelaai  by  satores  is  the  mode  of  union    ugameDk 
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which  prevails  in  the  bones  of  the  head.  In  old  persons 
the  sutures  become  obliterated  by  the  ossification  of  the 
intermediate  fibrous  membrane,  and  the  bones  are  {per- 
manently fused  together.  The 
cranial  sutures  may  conveniently 
be    arranged    in    three    groups  : 

A" 

^.     ,..    ,,  _.    ,     ,,     *»       »,  f-i.   Median  lontritudinal,  consist- 

Fio.  13. — Vertical  section  throuch      »  c^  » 

a  cmnial  Mitun.      6  t    the  ^^^^^^^^  ^^    ^j        ff^utal    SUtUre,  which 

oM.uin.  pasKinK'  wtwce.i   the  couuccts  the  two   hah  OS   of   the 

two  bones,  which  ubiVR  the  iKirt  r         j.    1     i  1      xi.  'a.a.    1 

of  a  liK-anient,  ind  which  is  iroutal    bouc,    and    the    sagittal 

continuous  with  the  inten>osed        ,  ,     .  -i       .  •   ^    i 

flbrouh  membrttne.  suturc,  between  the  two  parietal 

bones ;  h.  Lateral  longitudinal,  consisting,  on  each 
side  of  the  head,  of  the  fronto-nasal,  fronto-maxillar}', 
fronto-lachrymal,  fronto-ethmoidal,  fronto-malar,  frouto- 
sphenoidal,  j>arieto-sphenoidal,  parieto-squamous,  parieto- 
mastoid sutures;  r,  Vertical  transverse,  consisting  of  tlie 
coronal  or  fronto-i)arietal,  the  lambdoidal  or  parieto-occi- 
l)ital,  the  splienoido-malar,  splienoido-scpiamous  and  occi- 
pito-mastoid  sutures  (fig.  G).  As  the  skull  grows  by  ossifica- 
tion of  the  cartilage  of  the  base  and  the  membranous  vault, 
the  direction  of  growth  is  perpendicular  to  the  margins  of 
the  bones  and  the  sutures  and  synchondroses  which  connect 
them  together.  The  growth  of  the  skull  in  length  is  per- 
]>i'ndicular,  therefore,  to  the  basi-cranial  synchondrosis  and 
the  vertical  transverse  group  of  sutures;  its  growth,  in 
breadth,  to  the  median  longitudinal  group,  and  in  height 
to  the  lateral  longitudinal  group.  So  long  as  any  of  the 
cartilage  or  membrane  between  the  margins  of  the  bones 
remains  unossified,  bone  may  continue  to  form,  and  the 
skull  may  increase  in  size.  Tt  sometimes  happens  that 
the    cartilage    or    membrane   is   i)rematurely   ossified   in 
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a  particular  locality,  a 
pot  a  atop  to  in  that 
region ;  if  the  brain 
is  still  growing,  the 
aknll  mast  increase 
in  other  directions  to 
allow  the  necessaiy 
expansion  of  the 
cranial  cavity,  and 
def onnitieB  of  the 
skull  are  thereby 
oecaaioiied.  One  of 
the  meet  naual  of 
these  defonnitieB  is 
doe  to  prematore 
ck»are  of  theaagittai 
sntare,  causing  stop- 
page of  the  growth 
of  the  sknll  in 
hceadth,  and,  by  way 

of         OMnDeDSation,  ^^  U.—YbUmx  Ttew  of  *  boat-duiped  or  le^kho- 
»  '     ceplMlle  aknU,  ahowliig  the  complete  dlnqipear' 

of  the  nglttal  •atim; 


great  increase  m  its 

length,  so  as  to  produce  a  veiy  elongated  and  somewhat 

boat-8hi4»ed  craninm. 

The  movable  jointa  are  divided  into  the  amphiartkrodial 
and  the  diariArodial  joints.  An  amphiarthrosis  or  half- 
joint  has  oaky  a  feeble  range  of  movement.  It  consists 
of  two  bones,  each  of  which  has  its  articular  surface 
eoveced  by  a  plate  of  cartilage,  and  which  plates  are 
firmly  oonnected  together  by  an  intermediate  disc  of 
fihftHSUtilage.     The  centre  of  this  disc  is  soft,  or  may 
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even  be  liulluued  out  into  a  tavity  hued  by  a  smootli 
ji  bynovnl  membrane  and  cuii tain- 
,  jI  mg  a  iKtle  fluid.  Ligainyntous 
.  1  111  U  ciintinuoua  ttilh  the  peri- 
^j  ttum  m\f,ating  the  boue:^, 
(J  iuv(,st  the  hbro-Lartiliige,  and 
Ma  If— ir  1   n  I  ^Eh  ■^^'"^^  '"  bludiiig   the  bents   to- 

h"  '''b''  (''  "  * 'r  o'-*'^^''  '^''^  ^'-*'*  examples  uf 
(are  f''ar"'iMln'^  °P(  iiiuln  r  a  111  I '"^'^'"'  'l'-^'  jointa  are  fui- 
the  ciimmi"iijnmTD*^^  nished  by  tlie  articulations  be- 

tween the  bodies  of  the  true  vertebra?. 

A  diarlhrosis  admits  of  more  or  less  iwrfect  movenient 
In   ttli 

he    fre 


^airv 

tinp 

mento 
of  the  J  n  This  ca  }  a  n 
c     el   b         a    en       vth    h  ar« 

Fo.  ri     w        h     ch  at         d  he   boues      nd  th 

w        "^  h   P  nne    surf       of  the  e     ^ament 

^         "J^       1^  Uned  by  a  syn    -i     men  brane 

'ii'J'iTn»viid"iK'mbnni(''Tii'  which  secretes  the  synovia.  Some- 

irf'th.'jlint."™' '"  ""'"""*'  times  a  plate  or  «..«.V,m  of  fibro- 

caitila.!^  is  interposed  between,  without,  however,  being 

attached   to   tbe   encrusting   cartilages  of   a  diarthrodial 

joint,    80    as  more    or    Icm    perfectly   to   subdivide   tbe 

cftvitv  enclosed  by  the  ligiiiiicnts  into  two  spaces.     The 
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Brticnkr  larfaceB  of  diaitlirodUl  joiiits  uc  Rtainod  in 

appcMitioB  with  Mch  otber,  aome- 

tiiii«  hj  inTuting  ligaments,  at 

otben  by  sDRaundiDg  muscles  and 

tendons;  at  othen  bj  atmospheric  i 

preeraie,  aided  b;  the  adhesiTe  I 

characterof  the  interposed  sTBOvia.  I 

"nie  form  of  the  articnlar  or  mor- 

able  sorfaces  varies  tbi;  materi- 
ally in  difierent  examples  of  these 

JMirts,    and  the   modifications  in  f  ^SS3']3«!*to^ 

form  determine  the  direction  of 
the  movements  of  the  joints.  In 
some,  as  the  carpal  and  tanal  joints,  the  snrfaces  are 
almost  flst,  so  that  they  glide  on  each  other;  the  more- 
ment  is  comparatively  slight,  and  about  an  axis  perpen- 
dicular to  the  moving  smfaces  :  these  are  called  plame- 
tmrfaeed  joints.  In  other  joints  the  articular  surfaces  maj 
be  r^arded  as  prodaced  by  the  rotation  of  a  straight  or 
cnrred  line  about  an  axis  lying  in  the  same  plane ;  these 
are  called  rotaUoH  joints,  and  they  present  varioas  modifica- 
tions according  to  the  direction  and  lelation  of  the  rotat- 
ing line  to  the  axis.  One  form  of  a  rotation  joint  is  the 
pivot  joint,  in  which  the  movement  takes  place  about  the 
axis  of  one  of  the  bones,  which  ia  the  axis  of  rotation  of 
the  joint ;  examples  of  this  joint  are  found  in  the  joint 
between  the  atlas  and  odontoid  process  of  the  axis  and 
the  radio-olnar  joint.  Another  form  is  the  ginglymui  or 
hiitgejouU,  in  which  the  axis  of  rotation  of  the  joint  is 
perpendicular  to  the  axes  of  the  two  bones ;  the  more- 
menis  of  the  binge  are  called  flexion  when  the  angle 
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between  the  two  bones  is  diminished,  and  extension  when 
tlie  angle  is  increased.  An  important  modification  of  the 
ginglymus  is  the  sa'ewed-surfaced  joints  examples  of  which 
are  found  in  the  elbow  and  ankle ;  here  the  plane  of 
flexion  is  not  perpendicular,  but  oblique  to  the  axis  of  the 
joint.  The  saddle-shaped  and  oblong  joints  are  also  modi- 
fied hinges,  but  allow  motion  about  two  axes ;  in  the 
oblong  both  axes  are  on  the  same  side  of  the  joint ;  but  in 
the  saddle-sha[)ed  there  is  an  axis  of  rotation  on  each  side  of 
the  joint.  The  best  example  of  the  saddle-shaped  is  found 
between  the  metacarpal  bone  of  the  thumb  and  the  trape- 
zium; of  the  oblong  between  the  fore-arm  and  the  carpus. 
In  the  hall-and-socket  joint  a  spheroidal  head  fits  into  a 
cup,  and  rotation  takes  place  about  any  diameter  of  the 
sphere ;  the  joint  therefore  is  multi-axial ;  the  hip  and 
shoulder  joints  are  the  best  examples.  Some  joints,  in 
which  the  forms  of  the  articular  surfaces  are  more  complex, 
are  called  composite;  in  them  the  movements  of  a  hinge 
and  of  a  ball-and-socket  joint  may  be  combined ;  the  knee 
may  be  cited  as  an  example  of  this  form  of  articulation. 
In  a  large  number  of  movable  joints  only  portions  of  the 
oi)posite  articular  surfaces  are  in  contact  wdth  each  other 
at  a  given  time ;  but,  as  the  joint  describes  its  path  of 
movement,  diff'erent  parts  of  the  surfaces  come  into  contact 
with  each  other  successively,  and  it  is  not  unusual  to  find 
the  articular  surface  both  of  the  cartilage  and  the  sub- 
jacent bone  mapped  out  into  distinct  areas  or  facets,  which 
are  adapted  to  corresponding  facets  on  the  opposite  arti- 
cular surface  ia  particular  positions  of  the  joint.  When 
the  corresponding  facets  on  opposite  articular  surfaces 
break  contact  with  each  other,  the  space  between  becomes 
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ooeapied  by  synovia,  or  in  some  joints,  more  especially  tlie 
knee,  by  folds  of  synovial  membrane  enclosing  dumps  of 
fat,  which  have  been  called  tynovial  pads.  In  the  simple 
hinge,  in  that  with  screwed  soifaces,  in  the  oblong  and 
ccMnposite  joints,  the  principal  ligaments  are  situated  at 
the  sides  of  the  joint,  and  are  called  lateral ;  they  not  onfy 
prevent  lateral  displacement  of  the  bones,  bat,  by  a 
tightening  of  their  fibres,  check  excessive  movement  for- 
wards or  backwards  dnring  flexion  and  extension.  In  the 
saddle-shaped  and  ball-and-socket  joints,  the  joint  is  in- 
cluded within  a  bag-like  ligament  called  eapmdar.  In  the 
pivot  joints  the  cavity  in  which  the  pivot  fits  is  completed 
by  a  iTaMKveT9e  or  a  ring-shaped  ligament. 

The  MusGLSs  are  the  organs  which,  by  their  contraction 
or  shortening,  move  the  bones  on  each  other  at  the  joints. 
The  muscles  constitute  the  flesh  of  the  body.  They  are  so 
arranged  as  to  be  capable  not  only  of  moving  the  various 
bones  on  each  other,  but  the  entire  body  from  place  to 
place.  Hence  the  muscles  are  organs  both  of  motion  and 
locomotion.  As  they  can  be  brought  into  action  at  the 
wUl  of  the  individual,  they  are  called  voluntary  muades. 
Some  of  the  muscles  are  engaged  in  the  movement  of  other 
structures  than  the  bones,  such  as  the  eye-ball,  tongue, 
cartilages  of  the  larynx,  kc.  About  400  muscles  are 
usually  enumerated,  and  the  names  applied  to  them  express 
either  their  position,  or  relative  size,  or  shape,  or  direction, 
or  attachments,  or  mode  of  action.  The  word  muscle  is 
itself  derived  from  the  Latin  mvscyhu^  a  little  mouse,  from 
a  fancied  resemblance  between  that  animal  and  some  of  the 
most  simply  formed  musdeSb  It  is  customary  to  dis- 
tinguish in  a  muscle  a  central  part,  or  hdlp^  and  two  ex- 
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tTemitiea,  one  of  which  is  the  A^od  or  tJte  oriffm,  the  other 
theMueriMN.  The  bdly  is  tha  flMhy 
p«rt  of  tiiQ  mtude,  and  poMcaea  • 
deep-red  chatBcteristic  ooh>iir;  it  is  the 
actiTe  contnctile  stmctore,  the  aoaiee 
of  motor  power.  The  two  eztrenutiee 
■re  called  the  tendons  of  the  mnsde, 
or  idnews;  the  tendons  an  blniih- 
white  in  colonr,  poHseas  no  power  of 
conbactility,  and  are  merely,  as  it 
were,  the  ropes  by  which  the  belly 
of  the  moBcle  is  attached  to  the  bone 
or  other  stmctore  which  is  moved  hy 
its  contraction.  The  term  tendon  of 
origin,  applied  to  one  extiemi^  ctf  the 
muscle,  signifies  the  fixed  end  of  the 
mnscle,  that  to  which  it  draws  daring 
its  contraction;  as  a  rule  this  is  &e 
end  nearest  the  trunk,  the  proximal 
end.  The  term  tendoo  of  insertioD  ia 
..P  applied  to  the  end  which  is  moved  I7 
the  contraction ;  as  a  rale  this  ia  the 
end  moot  removed  bom  the  trtfnk, 
the  distal  end.  Entering  the  sub- 
stance of  each  muade  is  at  least 
one  srteiy,  which  conveys  blood  for  its 
^i*ih7^iSh?^'"2Sl  nutrition;  this  artery  ends  in  a  net- 
m^T*?"!!!^^!  ''rai^  of  capillary  blood-veaaels,  from 

bdlr;  10,  Uiton  ol  <jr(-        .  -  >  .  .. 

gta;  li.  undon  of  iuhi^  which  a  veiD  anses  and  conveys  the 
!  blood  out  of  the  muscle  again;  an- 
other small  vessel,  called  a  lymphatic. 


p.  Uu  ftuS. 
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alao  aiifles  within  the  mincle^  and  oaawBys  tliA  flnid 
lymph  oat  of  the  nnude.  Each  muacle  alao  ia  pene- 
tiated  by  a  neirey  by  whidi  it  ia  brou^bt  into  connection 
with  the  brain,  and  ahMog  which  the  nervona  impolaey 
ataited  by  the  TH^  ia  cony^ed.  The  WiXL  ia  the  natmal 
fltinmhia  for  ^frmUng  mnacolar  action,  which  action  ia  in 
many  caaea  ao  rapid  that  acazoely  an  appreciable  interval 
of  time  interrenea  between  willing  and  doing  the  action. 

The  bonea  form  aaeriea  of  rod-like  lereriy  and,  in  atndy- 
ing  the  mode  of  action  of  the  mnadeay  the  ph»e  of  inaer- 
tion  of  the  mnacle  into  the  bone — that  ia  to  say,  the  point 
of  application  of  the  power  which  canaea  the  morement — 
and  its  relationa  to  the  joint,  or  folcrom,  or  centre  of  motiim, 
and  to  the  wei^t  or  reaiatance  which  ia  to  be  OTeroome, 
haTB  to  be  kept  in  view.  The  lebtive  poeitiona  of  fol- 
cram,  point  of  application  of  power,  and  reaiatanoey  are  not 
the  aame  in  all  the  bony  levera  As  a  rale,  the  mnadee 
are  inaerted  into  bonea  between  the  folcrmn  and  the  mov- 
able point  of  reaiBtance,  and  nearer  the  folcram  than  the 
movable  point,  aa  may  be  seen  in  the  mnadea  which  bend 
the  f or&«rm  at  the  elbowgoinL  Although  from  the  wei^t- 
arm  of  the  lever  being  in  theae  caaea  mnch  longerthan  the 
power-arm,  the  mnadea,  aa  regards  the  ^yplication  of  the 
power,  act  at  a  disadvantage,  yet  the  movement  gaina  in 
velocity.  Sometimea  the  mnacle  ia  inaerted,  aa  ia  the 
caae  in  the  great  mnacle  ^diich  atraightena  or  extends 
tiie  f ote^rm,  at  one  end  of  the  lever,  and  the  folcram 
or  joint  is  placed  between  it  and  the  movaUe  points  At 
other  times,  aa  in  the  caae  of  the  chief  depressor  mnacle 
of  the  lower  jaw,  iriiilat  the  mnacle  ia  attached  to  one  end 
of  the  lever,  the  folcram  ia  at  the  oj^MMite  end.    When  a 
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muscle  is  so  placed  that  its  tendon  of  insertion  is  perpen- 
dicular to  the  bone  to  which  it  is  attached,  it  acts  to  gnat 
advantage;  when  placed  obliquely  or  nearly  parallel,  a  loss 
of  power  occurs.     Many  muscles  at  the  commencement  of 
contraction  lie  obliquely  to  the  bones  which  they  more, 
but  as  contraction  goes  on  they  become  more  nearly  per- 
pendicular, so  that  they  act  with  more  advantage  near 
the  dose  than  at  the  commencement  of  contraction.     If  a 
muscle  passes  over  only  one  joint,  it  acts  on  that  joint  only ; 
but  if  it  passes  over  two  or  more  joints,  it  acts  on  them  in 
succession,  beginning  with  the  joint  next  the  point  of 
insertion.     A  given  movement  may  be  performed  by  the 
contraction  of  a  single  muscle,  but  as  a  rule  two  or  more 
muscles  are  associated  together,  and  they  are  not  nnfre- 
quently  so  arranged  that  one  muscle  initiates  the  move- 
ment, which  is  then  kept  up  and  completed  by  the  rest 
Muscles  producing  movement  in  one  direction  have  opposed 
to  them  muscles  which  by  their  contraction  effect  the 
opposite  movement;  when  both  groups  act  simultaneonsly 
and  with  equal  force,  they  antagonise  each  other,  and  no 
motion  is  produced;  when  a  muscle  is  paralysed  or  divided, 
its  antagonistic  muscle  draws  and  permanently  retains  the 
part  to  its  own  side.     The  rapidity  of  action  of  a  muscle  is 
proportioned  to  the  length  of  its  fasciculi,  its  power  of 
contraction 'to  their  number. 

Each  muscle  is  invested  by  a  sheath,  the  perimynmsm^ 
formed  of  connective  tissue.  In  the  limbs  and  in  the  neck 
not  only  has  each  muscle  a  sheath,  but  a  strong  fibrous 
membrane  envelopes  the  whole  of  the  muscles,  and  assists 
materially  in  giving  form  and  compactness  to  the  region. 
This  membrane  is  called  generally  a  fiueia  or  mtutmtar 
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i^MmeuronBf  bat  special  descriptiYe  names  are  given  to  it 
in  the  different  regions — e.^.,  cervical  fascia,  brachial 
aponenrosis,  fascia  lata,  or  fascia  of  the  thigh.  In  some 
localities  muscles  arise  from  the  fascia,  and  in  others  they 
aie  inserted  into  it  The  fascia  is  separated  from  the 
akin  by  a  layer  of  sabentaneous  fatty  tissue,  the  mperficuU 
/tficuiy  and  in  this  layer  mnsdes  are  in  some  localities  de- 
veloped. In  the  fat  of  the  inner  border  of  the  palm  of  the 
band  a  small  mnsde,  the  palmaris  hrevis,  is  foond,  which 
is  inserted  into  the  skin  covering  the  ball  of  the  little 
finger ;  at  each  side  of  the  neck,  also,  lies  a  thin  mnsde 
called  pkUpmna  myoidety  and  the  mnsdes  on  the  face  and 
scalp  which  more  the  skin  of  the  face  and  head  belong  to 
the  same  category.  These  muscles  belong  to  the  group  of 
mXhaUaneouM  ot  dermal  nuucleSy  which,  except  in  the  locali- 
ties above  refored  to,  is  not  represented  in  the  human 
body,  bat  is  well  known  in  the  bodies  of  the  mamwialia 
geDensDy  as  the  paanieuhu  eamoms. 

In  ananging  the  mnsdes  for  descriptive  purposes,  either 
a  mor^ok^cal,  a  topographical,  or  a  physiological  method 
maybe  ponaed.  The  morphological  arrangement  is  to  be 
pRferred  when  the  object  is  to  compare  the  muscular 
system  in  man  with  that  in  different  animals,  and  the  basis 
of  the  anangemeint  should  be  into  mnsdes  of  the  axial, 
the  appendicolar,  and  the  axi-appendicular  skdetons,  and 
salvcotaneoas  mosdes;  a  topographical  arrangement  1b  most 
soitaMe  for  the  purposes  of  the  practical  surgeon;  aphysio- 
logjcal  anangement,  when  the  object  is  to  study  the  action 
of  the  mnades  in  connection  with  the  movements  of  the 
joints 
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Jcuaris  jjn>  Mvsclbb  or  xhs  Axial  Skslbiov. 

Tbe  /afeneriedra/  Jimd9  are  compte  in  oonslnictian. 
The  bodiee  cf  the  tme  verldine  are  oonnected  together  bj 
an  anqphiaiihiodial  joint :  the  fibwHcartilaginoos  plate  or 
intorvertdml  diac  is  too^  and  fibioaa  in  its  periphenl 
part^  hot  aoft  and  pulpy  within,  (ilg.  15.)  Bemainaof  the 
diotda  donalia  are  said  to  occur  in  the  aoft  pulp,  and  aome- 
timea  a  distinct  cavity,  lined  by  a  synovial  membrane,  ii 
f  omid  in  the  centre  <x£  the  diK,  which  in  the  finner  whales 
is  esqianded  into  &  krge  oential  cavity  containing  many 
ounces  of  aynovia.  Adiaithrodial  joint  connects  the  sape> 
lior  and  infedor  azticiiLir  processes  of  a4iaoentv6rtebnd  on 
eachside;.  Elastic ydlow ligaments^ the UgaimaUa tMbJIamLf 
paaB  between  their  laminae  Inier-  and  mtfra^pmomM  ligir 
mentB  connect  adjacent  qxinons  processes,  and  in  the  nedc 
the  sopiarflpinons  ligament  f onns  a  broad  band,  the  li^ 
madum  mukoB,  In  those  w**»»»»^l*  which  poeseas  big 
heads  or  heavy  homa»  this  ligament  of  the  back  of  the 
neck  f onns  a  powerful  elastic  band  for  the  support  of  the 
head.  The  joints  between  the  atlas  and  aads,  and  the 
atlas  and  occiput,  are  specially  modified  in  connection  with 
the  movementB  of  the  head  on  the  Xa^  of  the  vpunt,  Tlie 
intervertebral  discs  are  absent,  and  the  range  of  movement 
either  from  before  backward,  as  in  nodding  the  head,  or 
from  side  to  side,  as  in  looking  over  the  shoulder,  are 
more  extensive  than  between  any  of  the  other  true  vertehnBi 
The  head  rotates  abng  with  the  atlas  around  the  odontoid 
or  pivot  piooeas  of  the  axisy  which  is  lodged  between  the 
anterior  part  of  the  atlas  and  a  strong  tnnsvene  ligament 
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irhich  lias  bdimd  tlie  odontoid.  Too  great  moYement  to 
one  side  or  the  odier  is  prevented  by  the  check  ligamentB, 
iriiich  pass  ftam  the  top  of  the  odontoid  to  the  occipital 
booey  in  front  of  the  foramen  magnnm.  The  nodding 
movements  take  place  between  the  occipnt  and  atlas,  and 
aie  pennitted  by  the  aise  and  shape  of  the  occipital  condyles 
and  hoQow  npper  articnlar  soi&ces  of  the  atlas.  These 
joints  are  all  diarthrodiaL  The  spine  is  flexible  and 
elaslie ;  except  in  the  joints  above  lefeired  to,  the  range 
of  movement  between  any  two  troe  v^tobrse  is  very  small, 
but  the  som  of  the  movement  in  the  entire  spine,  owing  to 
the  number  of  bones»  is  considerable.  The  elasticity  of 
the  apuie  is  partly  dne  to  the  nnmerous  diarthrodial  joints 
between  its  articalar  processes,  bat  more  especially  to  the 
discs  of  fifan>cartilage  interposed  between  the  bodies  of 
the  vertebrs,  which  act  like  elastic  pads  or  bnffers  to  pre- 
vent shock.  The  spine  and  trunk  may  be  bent  either 
forwards  or  ba^waids,  or  to  the  right  and  left  side ;  or 
without  being  bent,  the  spme  may  be  screwed  to  the  right 
or  to  the  left,  the  screwing  movement  being  pennitted  by 
the  oUiqoe  direction  of  the  articalar  processes. 

The  mnsdes  which  move  the  vertebne  on  each  other  are 
principaDy  situated  on  the  back  of  the  trunk.  In  the 
hoDow  on  each  side  of  the  spinal  column  is  the  great 
erector  spinse  mnsde,  with  its  several  subdivisions,  the 
fibres  of  which  pass  longitudinally  apwards,  to  be  inserted 
into  the  vertebral  spines  and  transverse  processes  and  the 
ao^ea  of  the  liba.  When  both  muscles  act  together,  the 
entire  sptne  is  bent  back;  but  when  the  musde  of  one  side 
only  contractay  then  the  spine  is  bent  to  that  side.  These 
arasdeB  also  act  in  laising  the  spine  from  the  bent  to  the 
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erect  position,  and  they  are  assisted  by  small  inter-spinal 
muscles,  situated  between  the  spines  in  the  cervical  and 
lumbar  regions.  The  sj)ine  is  bent  forward  by  the  psoae 
and  longi  colli  muscles ;  and  the  straight  muscles  of  the 
abdomen,  inserted  into  the  lower  true  ribs,  assist  in  this 
movement.  The  screwing  movements  of  the  spine  are 
utfected  by  a  series  of  muscles  arranged  in  layers,  the 
fibres  of  which  pass  obliquely  from  below  upwards  and 
inwards,  between  the  laminse  and  spines  of  adjacent  verte- 
bra?, and  are  known  as  the  semispinales,  multifidi,  and 
rotatores  s{)inae  muscles. 

The  head  is  balanced  on  the  summit  of  the  spine,  and 
is  maintained  in  a  quiescent  position  without  any  appre- 
ciable muscular  action,  but  it  can  be  moved  in  various 
directions  by  the  muscles  inserted  into  its  bones.  The 
nodding  movements  of  the  head  on  the  atlas  are  due  to 
the  ix)sterior  recti,  the  two  superior  obliques,  the  two 
splenii,  and  the  two  complexus  muscles,  inserted  into  the 
sujira-occipital,  which  draw  the  head  backwards;  and  the 
anterior  recti,  inserted  into  the  basi-occipital,  and  sterno 
cleido-mastoid  muscles,  inserted  into  the  mastoid  pro- 
cesses, which  draw  it  forwards.  When  the  right  splenius, 
riglit  greater  posterior  rectus  and  inferior  oblique  act  along 
vnili  the  left  complexus  and  sterno-mastoid,  the  head  is 
rotated  to  the  right  shoulder ;  the  opposite  rotation  being 
due  to  the  action  of  the  corresponding  muscles  on  the 
other  side  of  tlic  neck. 

In  the  formation  of  the  walls  of  the  abdomen  proper, 
bones  and  joints  play  but  a  small  part.  The  lumbar 
vertebrai  behind,  the  expanded  wings  of  the  iliac  bones 
below,  and  the  false  ribs  above,  are  the  only  bones  to  be 
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eonsidered.  Three  pain  of  greatly  expanded  muscles — 
tlie  ezteroal  oUiqoB,  internal  oblique,  and  transveise — ^lie 
at  the  aides  and  in  front;  and  two  pairs  of  muscles — the 
leeti  and  pyramidales — are  situated  wholly  in  front.  The 
inteinal  oblique  and  the  transverse  muscles  are  attached 
aboTe  to  the  ribs,  behind  to  the  lumbar  spine,  below  to  the 
iliac  crest  and  to  a  strong  band,  Poupar^s  Itffamentj  extend- 
ing from  the  crest  of  the  ilium  to  the  pubic  spine;  the  ex- 
ternal oUiqnehas  similar  connections  above  and  below,  but 
is  not  attached  behind  to  the  lumbar  spine.  The  muscles 
all  terminate  in  front  in  strong  expanded  tendons,  called 
the  aiUeriar  abdominal  cgMmeuroies,  which  blend  together  in 
the  middle  line  anieiiorly  to  form  the  band  called  linea 
alba,  which  stretches  longitiuUijally  from  the  xiphi-stemum 
to  the  pubic  symphysis.  These  expanded  tendons  enclose 
the  recti  muscles,  which  paas  from  the  pubic  crest  upwards 
to  the  cartilages  of  the  three  lower  true  ribs;  and  the 
pyramidal  muscles,  which  pass  from  the  body  of  the  pubis 
to  be  inserted  into  the  linea  alba.  The  entire  arrangement 
it  admirably  adapted  for  completing  the  walls  of  the  great 
abdominal  chamber,  and  for  enabling  the  muscles  to  com- 
piess  the  abdominal  viscera,  an  action  which  takes  place 
when  the  contents  of  the  bowels  and  bladder  are  being 
^»P*J1<m1  dming  def SBcation  and  micturition. 

Bones  and  jointa  play  a  more  important  part  in  the 
focmation  of  the  walls  of  the  thoracic  than  of  the  abdo- 
minal cavity.  Not  only  are  there  twelve  thoracic  vertebrae 
behind,  and  the  sternum  in  front,  but  the  twelve  ribs  on 
eadi  side  areh  more  or  less  completely  forward  from  the 
spine;  and  the  seven  upper  ribs,  through  their  costal 
cartilages,  articulate  with  the  sternum. 
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Costo-vei'tehral  Joints  are  situated  between  the  head  of 
a  rib  and  tlie  body  of  one  or  more  usually  two  adjacent 
vertebrae :  in  the  latter  case,  an  interai^ticular  liirament 
passes  from  the  head  of  the  rib  to  the  intervertebral  disc 
and  subdivides  the  joint  into  two  parts.  Excej)t  in  the 
floating  ribs,  Costo-transverse  joints  exist  between  the  tubercle 
of  the  rib  and  the  transverse  process  of  the  vertebra.  The 
joint^s  are  diarthrodial,  and  completed  by  ligaments  and 
synovial  membrane.  The  Costo-stemal  Joints  are  also  diar- 
throdial (except  the  first  costal  cartilage,  which  is  directly 
united  to  the  prje-sternum),  a  capsular  ligament,  lined  by 
a  synovial  memV>rane,  connecting  the  cartilages  of  the  true 
ribs  to  the  sternum.  The  cartilages  of  the  sixth  to  the 
ninth  ribs  are  also  united  together  by  ligamentous  fibres. 

The  movements  of  the  ribs  and  sternum  at  the  costo- 
vertebral and  costo-sternal  joints  are  of  the  utmost  import- 
ance in  the  process  of  breathing.  Breathing  or  respiration 
consists  of  two  acts  with  intermediate  pauses — breathing 
in,  or  inspiration,  and  breatliing  out,  or  expiration.  During 
iii8j»iration,  the  air  rushes  through  the  nose  or  mouth 
(luwn  the  windpipe,  and  dilates  the  air-cells  of  the  lungs  ; 
ti>gether  with  the  expansion  of  the  lungs  tlie  walls  of  the 
chest  rise,  so  that  the  capacity  both  of  lungs  and  chest 
at  the  end  of  a  full  inspiration  is  nearly  doubled.  During 
inspiration  the  following  changes  occur  in  the  walls  of 
the  chest :  the  ribs  are  elevated  and  rotated  outwards, 
the  lower  borders  of  their  shafts  are  everted,  while 
their  surfaces  are  at  the  same  time  rendered  more  oblique, 
and  the  width  of  the  intercostal  spaces  is  thereby  in- 
creased ;  the  elevation  and  rotation  of  the  ribs  throw  the 
sternum  upwards  and  forwards,  and  make  the  thoracic 
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[wt  of  the  qnnal  oolnmn  atnu^ter;  the  diapliragm  ie 
depnand,  and  the  antero-Isteral  walls  of  die  abdomen  are 
thromt  forward.  The  muscles  wMch  cause  these  move- 
ments an  as  follows: — In  each  of  the  spaces  between 
tbs  differant  ribe  a  pair  ai  intercoetal  mnsdea  is  sitoatedj 
theae  eleTale  and  rotate  the  ribs,  and  the  movements  are 
sssitiftfl  faj  the  levatoies  oostamm,  and,  in  the  case  of  the 
iq^MC  and  lower  tibs,  \»y  the  scaleni  and  senati  postici 
oraadea ;  and  t^  these  agents  the  transverse  and  antero- 
poatsrior  diameter  of  the  cheat  is  increased.    The  increase 


its  vertkal  diameter  is  dae  to  the  action  of  the  dia- 
or  midriff,  the  great  muscle  which,  aiinng  by  its 
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circumference  from  the  xiphi-sternum,  cartilages  of  six 
lower  ribs,  arcuate  ligaments,  and  by  its  two  crura  from  the 
bodies  of  the  four  upper  lumbar  vertebrae,  forms  the  floor  of 
the  thoracic  and  the  roof  of  the  abdominal  cavity.  It  con- 
stitutes a  great  arch,  with  its  convexity  directed  to  the 
cavity  of  the  chest.  By  the  contraction  of  its  fibres,  which 
are  inserted  into  a  trefoil-shaped  central  tendon,  the  arch 
is  rendered  less  convex,  and  the  floor  of  the  chest  i> 
thereby  depressed.  Under  circumstances  which  require 
more  powerful  eftorts  of  inspiration,  the  miLscles  which 
pass  from  the  walls  of  the  chest  to  the  upper  limbs  may, 
by  taking  their  fixed  points  at  the  limbs,  act  as  elevators 
of  the  ribs.  During  expiration  the  ribs  are  depressed, 
their  lower  borders  inverted,  the  wudth  of  the  intercostal 
spaces  diminished,  the  sternum  dej)ressed,  the  spine  more 
curved,  and  the  diaphragm  more  convex.  These  move- 
ments are  principally  due  to  the  recoil  of  the  elastic  tissue 
of  the  lungs  j)reviously  rendered  tense  by  the  inflation  of 
the  air-cells,  and  to  the  untwisting  of  the  ribs  when  the 
inspiratory  muscles  cease  to  elevate  and  rotate  them, 
^luscular  action  plays  but  a  small  part  in  quiet  expiration, 
but  the  expulsion  of  the  air  from  the  lungs  may  be  facili- 
tated by  contracting  the  abdominal  muscles,  which,  by 
pressing  the  abdominal  viscera  against  the  under  surface 
of  the  diaphragm,  force  that  muscle  upw^ards. 

The  Temjyoro-maxillary  Joints  are  the  only  diarthrodial 
articulations  in  the  head.  The  condyle  of  the  low^er  jaw  on 
each  side  is  received  into  the  glenoid  fossa  of  the  temporal 
bone ;  each  joint  is  enclosed  by  a  capsular  ligament,  and 
between  the  articular  surfaces  is  a  meniscus,  which  sub- 
divides the  interior  of  the  joint  into  two  cavities,  each  lined 
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by  a  synovial  membraneL  The  moveinentB  of  the  lower 
jaw  take  phice  cdmiiltaiieoiialy  at  boih  its  artirnlations 
doling  mastication  and  speech,  throng  the  adioii  of  the 
aereral  mnsdes  which  are  inaerted  into  it  Tliis  bone  is 
elevated  by  the  temporal  mnsdes,  inserted  into  theooronoid 
processes;  by  the  maaseterics,  inserted  into  the  outer 
smfaoe  of  the  ascending  rami  and  angles,  and  the  internal 
pteiygoidsy  one  iato  the  inner  sorfiioe  of  each  an^ 
It  is  depressed  partly  by  its  own  wei^  and  partly  by 
the  action  of  the  digastrics  and  genio-hyoidB,  inserted 
close  to  the  symphysb;  by  the  platyama,  inaerted  into 
the  outer  surface  of  each  hxnuontal  nmna;  and  the  mylo- 
hyoids, into  their  inner  smfaoes.  Hie  elevators  at  the  jaw 
are  much  more  powerful  than  the  dqneasors,  for  they  not 
only  have  to  overcome  the  weight  of  the  bone,  bat  during 
mastication  have  to  ezerdse  force  sufficient  to  cut  or  break 
down  the  food  between  the  teeth.  In  camivoroaa  animals, 
more  especially  those  which,  like  the  tiger  or  hyaena,  cni^ 
the  bones  of  thdr  prey,  these  nrnades  attain  a  great  siae. 
The  lower  jaw  can  be  projected  in  front  ol  the  iq^perby  the 
external  pterygoid  muscles,  inserted  into  the  neck  of  the 
bone  and  the  interarticular  memscua  on  eadi  aide;  but 
excessive  movement  forward  is  dbeeked  by  the  action 
of  the  stylo-maxiDaxy  ligaments,  which  pass  from  the 
styloid  processes  to  the  an^es  of  the  bone :  when  projected 
forward,  the  jaw  is  drawn  bade  by  the  posterin'  fibres 
of  the  temporal  musdesL  When  the  devator,  dqiiesaor, 
protractor,  and  retzactor  mnsdes  are  suiceaaivdy  broa^ 
into  action,  the  lateral  or  grindii^  movements  of  the 
bone,  so  important  in  mastication,  are  prodneed. 

Along  with  the  movementa  of  the  lower  jawthose  of  the 
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hvoid  bone  and  larynx  must  be  considered,  for  the  diirastrics, 
the  genio-  and  niylo-liyoids,  which,  when  theii*  fixed  ends 
are  at  the  hyoid,  depress  the  h.)wer  jaw,  act,  when  their 
mandibular  ends  are  fixed,  aloui^  with  the  stvlo-hvoid 
nmscles  in  elevatini'  the  hyoid  bone  and  larynx.  The>c 
structures  are  de])ressed  or  drawn  downwards  by  the  action 
of  the  stern o-hyoids,  sterno-thyroids,  th\To-hyoi(ls,  and 
omo-hyoids.  The  eleyation  of  the  hyoid,  when  drawn  down 
by  its  depressor  nuiscles,  is  also  etlected  by  the  elastic 
stylo-hyoid  ligaments  attached  to  its  small  coniua,  which, 
by  their  recoil  when  the  depressor  muscles  have  ceased 
to  contract,  draw  the  bone  u[>  to  its  former  ])osition. 

Numerous  muscles  are  situated  immediately  beneath  the 
skin  of  the  scalp  and  face.  They  are  not  of  so  dee])  rvd  a 
colour  as  the  muscles  of  the  trunk  and  lind)S,  and  whilst 
they  arise  from  one  or  other  of  the  bones  of  the  head,  they 
are  inserted  into  the  deep  surface  of  the  skin  itself.  Hence 
when  they  contract  they  move  the  skin  of  the  scalp  and  face, 
and  as  they  arc  the  instruments  through  which  the  various 
})assions  and  emotions  are  expressed,  they  are  grouped 
together  as  the  Jfn.^trU's  of  AVprt'ssion.  The  occipito- 
frontalis,  or  great  nniscle  of  the  scalp,  passes  from  the 
occipital  bone  over  the  vertex  to  the  forehead ;  wlien 
it  contracts,  the  skin  of  the  forehead  is  wrinkled  trans- 
versely, the  eyebrows  are  elevated,  and  an  expression  of 
amazement  or  surprise  is  produced.  Some  i)ersons  have  a 
greater  power  over  this  muscle  than  others,  and  by  the  alter- 
nate contraction  of  its  occipital  and  frontal  portions  can 
move  the  hairy  scalp  to  and  fro  with  great  rapidity,  A  pair 
of  muscles,  the  corrugatores  supercilii,  arises  from  the  supra- 
ciliary  ridges,  on  the  frontal  bone,  to  be  inserted  into  the 
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eyebrows :  they  draw  the  ejebrows  downwards  and  in- 
wards, wrinkle  the  skin  of  the  forehead  longitudinally, 
and  contract  with  great  vigour  in  the  act  of  frowning. 
The  auricle  of  the  external  ear  has  three  small  muscles 
inserted  into  it,  one  behind,  the  posterior  auricular  muscle, 
one  above,  the  superior,  one  in  front,  the  anterior:  in 
man,  as  a  rule,  these  muscles  are  feeble,  and  have  little 
action  ;  but  in  many  mammals  they  are  large,  and  by  them 
the  animal  pricks  its  ears  to  detect  the  faintest  sound  of 
danger.  The  eyelids  are  drawn  together,  so  as  to  close  the 
eje  as  in  the  act  of  sleep,  by  the  orbicularis  palpebrarum, 
the  fibres  of  which  lie  in  the  eyelids  and  on  the  borders  of 
the  orbit,  and  surround  the  fissure  between  the  eyelids. 
This  muscle  is  a  characteristic  specimen  of  the  group  of 
spkincter  muscles,  ue.,  muscles  which  surround  orifices,  and 
l^  their  contraction  close  them.  When  the  upper  fibres  of 
the  muscle  alone  contract,  the  upper  eyelid  is  depressed, — 
a  movement  which  takes  place  almost  involuntarily  and 
with  great  frequency  during  our  waking  hours,  so  as  to 
wash  the  tears  over  the  exposed  part  of  the  eyeball  and 
keep  it  moist  In  expressing  a  "  knowing  wink,"  the 
lower  fibres  alone  of  the  orbicularis  contract,  and  the  lower 
lid  is  elevated.  The  elevation  of  the  upper  lid,  as  in 
opening  the  eye,  is  due  to  the  levator  palpebrae  superioris, 
which,  arising  within  the  orbit,  is  inserted  into  the  upper 
eydid.  Muscles  are  inserted  into  the  cartilaginous  frame- 
work of  the  nostrils  so  as  to  increase  or  diminish  the  size  of 
their  orifices,  and  thus  to  promote  or  impede  the  passage  of 
air  into  the  noaei  The  siie  of  the  orifice  is  increased  by 
two  elevator  muscles  inserted  into  the  ala,  or  side  of  the 
nostril ;  and  when  violent  exerdse  is  being  performed,  or 
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respiration  is  from  any  cause  impeded,  the  nostrils  are 
always  Avddely  dilated.  One  of  these  elevator  umsoles, 
which  also  sends  a  slip  down  to  the  upper  lip,  and  is  con- 
sequently called  the  common  elevator,  is  the  muscle  by 
the  contraction  of  which  a  sneer  is  expressed.  A  partial 
closure  of  the  nostril  can  be  effected  by  small  muscles 
which  depress  and  compress  the  alx  of  the  nose  :  in  man 
these  muscles  are  rudimentary  as  compared  with  the  seal 
and  other  aquatic  mammals,  in  which  a  powerful  sphincter 
muscle  closes  the  nostrils  in  the  act  of  di^'ini^.  The  lips 
can  be  elevated  or  depressed  so  as  to  close  or  open  the 
moutli ;  they  can  be  protruded  or  retmcted,  or  the  cc»rners 
of  the  mouth  can  be  drawn  to  one  side  or  the  (jther,  by 
the  action  of  various  muscles  which  are  inserted  int<i 
these  movable  folds  of  the  integiunent.  The  orbicularis 
oris  is  a  si)hincter  muscle,  the  fibres  of  which  lie  both 
in  the  upper  and  lower  lips;  by  its  contraction  the 
mouth  is  closed  and  the  lips  pressed  against  the  teeth, 
as  when  a  firm  resolution  is  intended  to  be  expressed. 
The  mouth  is  opened  by  the  elevator  muscles  of  the  upj>er 
and  the  depressors  of  the  lower  lip ;  it  is  transversely  elon- 
gated by  the  zygomatic  and  risorius  nuiscles,  which  pass  to 
its  corners,  and  w^hich  are  brought  into  action  in  the  act.s 
of  smiling  and  laughing.  But  the  muscles  of  the  lips  al»u 
play  an  important  part  in  connection  with  the  reception 
of  food  into  the  mouth,  and  wath  the  act  of  articulation. 

The  ca\ity  of  the  mouth  forms  the  commencement  of 
the  alimentary  canal,  and  is  lined  by  a  soft  mucous  mem- 
brane. In  it  the  teeth  and  tongue  are  situated,  and 
into  it  the  secretion  called  saliva  is  poured.  It  opens 
behind  into  the  pharynx.     The  side  walls  of  the  mouth 
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ore  called  Uie  cheeks,  and  into  the  f(»itiatloa  of  each  cheek 
it  flattened  qaadiilatenl  muscle,  the  buccinator  (1%  20, 
i),  nitera.     This  mnade  u  attached  above  and  below  to 


niiddii,  ud  Infntar  eoutileHiTm;    g.  ibytirbjvH; 
kylo-byMd;    bi.  cieo-th/rald ;    k>  itykKplurxDceiu  ^  o. 

U  gkata-t^utjntfi  Berrsj    I,  •npcrtar  l«Tn|iut   utciyt  a, 
' '   Ht  trrtueb  to  erto^ttiTTOk]  miucJe;  A,  kuerlor 


the  ii|>per  and  tower  jaw-bonea,  behind  to  the  pterygo- 
BiaTJlhry  li^ment,  to  whkh  the  npper  constrictor  muscle 
{dj  b  also  connected,  so  that  the  walls  of  the  mouth  and 
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pharynx  are  continuous  with  each  other,  whilst  in  front 
the  buccinator  blends  with  the  stnictures  in  the  lips.  It 
compresses  the  cheeks,  and  drives  the  air  out  of  the  cavity 
of  the  numtli  as  in  playing  a  wind  instniment  ;  hence  the 
name,  '*  tnimpeter's  muscle." 

The  aperture  of  communication  between  the  mouth  and 
pharynx  is  named  the  isthmus  o(  the  faucfs.  It  is  bounded 
below  by  the  root  of  the  toninie,  on  each  side  bv  the  tonsils, 
and  above  by  the  soft  palate.  The  soft  palate  is  a  structure 
whicli  hangs  pendulous  from  the  posterior  edge  of  the  hard 
bony  palate.  From  its  centre  depends  an  elongated  body, 
the  uvfda,  and  from  each  of  its  sides  two  fohls  extend,  <.»ne 
downwards  and  forwards  to  the  tongue,  the  other  down- 
wards and  backwards  to  the  pharynx.  These  folds  are 
called  the  tn^frrlor  and  posterior  pillars  of  the  fauces  or 
palate.  Between  the  anterior  and  [)osterior  pillar,  on  each 
side,  the  tonsil  is  seated.  The  soft  palate  and  its  pillars  are 
invested  l)y  the  nuicous  lining  of  the  mouth  and  pharynx, 
and  contahi  small  but  imi)ortant  muscles.  The  muscles  of 
the  soft  palate  and  uvula,  termed  the  elevators  and  tensors, 
raise  and  make  them  tense  during  the  process  of  deglutiti«)n. 
The  nniscles  of  the  {posterior  pillars,  or  ]»alato-pharyngei,  by 
their  contraction,  ai)proximate  the  walls  of  the  pharynx  to 
the  soft  ]»alate  and  uvula,  whilst  the  muscles  of  the  anterior 
jnllars,  or  [»alato-glossi,  diminish  the  size  of  the  fauces. 

The  i>harynx  is  a  tube  with  nuiscular  walls,  lined  by  a 
muc<nis  membrane,  which  connnunicates  above  and  in  front 
vdih  the  cavities  of  the  nose,  mouth,  and  larynx,  whilst 
below  it  is  continuous  vnXh.  the  cesophagiis  or  gullet.  It 
serves  as  the  chamber  or  pa.ssage  down  which  the  food 
goes  from  the  mouth  to  the    cesoidiagus  in   the  act  of 
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swallowing,  and  throng  which  the  air  b  tranamitted  from 
the  noae  or  month  to  the  larynx  in  the  act  of  breathing. 
It  lies  immediately  behind  the  noee,  month,  and  laiynx, 
and  in  front  of  the  five  npper  cervical  vertebtse.  Its 
length  U  fnHQ  4J  to  5}  inches;  its  widest  part  ia  opposite 


the  hack  of  the  month.  The  prindpai  muscles  in  its  walla 
■K  called  the  oonstrictors,  and  are  named,  from  above 
downwuds,  saperiOT,  middle,  and  inferior  (Fig.  20,  21). 
Tb«7  are  arranged  in  pairs,  and  arise  from  the  caitikges  of 
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the  larynx,  from  the  hyoid  bone,  lower  jaw,  and  internal 
pterygoid  processes  of  the  sphenoid;  whilst  the  saperior 
pair  also  spring  from  the  pteryga-maxiUary  ligaments;  their 
fasciculi  curve  backwards  to  the  middle  line  of  the  postoior 
wall  of  the  pharynx,  to  be  inserted  into  a  tendinous  band 
which  extends  longitudinally  along  this  wall  of  the  tabe 
to  be  attached  above  to  the  basi-occipitaL 

The  action  of  the  muscles  of  the  mouth,  palate,  and 
pharynx  may  now  be  considered  in  connection  with  the 
process  of  deglutition  or  swallowing.  When  the  food  is 
received  into  the  mouth,  it  is  moistened  by  the  secretion  of 
the  salivary  and  other  buccal  glands,  and  is  broken  down 
by  the  grinding  action  of  the  molar  teeth.  The  buccinator 
muscles  press  it  from  between  the  gums  and  the  cheeks, 
and,  along  with  the  movements  of  the  tongue,  aid  in  col- 
lecting it  into  a  bolus  on  the  surface  of  that  organ.  Dur- 
ing the  process  of  mastication  the  palato-glossi  contract  so 
as  to  close  the  fauces.  When  the  bolus  is  sufficiently  tritu- 
rated and  moistened,  the  palato-glossi  relax,  the  tip  of  the 
tongue  is  pressed  against  the  roof  of  the  mouth,  and  by  a 
heave  backward  of  that  organ  the  bolus  is  pressed  through 
the  posterior  orifice  of  the  mouth  into  the  pharynx,  where 
it  is  grasped  by  the  superior  constrictor  muscles,  and  forced 
downwards  by  them  and  the  other  constrictor  muscles  into 
the  oesophagus,  and  thence  into  the  stomach.  As  both 
the  nose  and  laiynx  open  into  the  pharynx,  the  one  imme- 
diately above,  the  other  immediately  below  the  orifice  of 
the  mouth,  it  is  of  great  importance  that  none  of  the  food 
should  enter  into  these  chambers,  and  obstruct  the  rQq>ira- 
tory  passages.  To  guard  against  any  accident  of  this  kind, 
two  valvular  structures  are  provided, — viz.,  the  soft  palate 
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and  the  ^uglottis, — whichy  whilst  leaying  the  orifices  into 
their  nspctdye  chambers  open  during  breathing,  may 
effiKtuallycloee  them  when  deglutition  is  being  performed. 
As  the  bolus  is  being  projected  through  the  fauces  into  the 
phsiyuc,  the  soft  palate  and  uvula  are  elevated  and  made 
teose,  and  at  the  same  time  the  wall  of  the  phaiynz  is 
broo^t  in  contact  with  it  by  the  contraction  of  the  palato- 
pbaiyngei;  the  part  of  the  pharynx  intowhich  the  nose  opens 
is  thus  temporaiily  shut  off  from  that  into  which  the  mouth 
opena  If  laoghter,  however,  be  excited  at  this  time,  the 
teosion  of  the  aoft  palate  is  destroyed,  and  part  of  the  food 
nay  find  its  way  upwards  into  the  nose.  The  closure  of 
the  laiynx  by  the  epiglottis  is  due  partly  to  the  depression 
of  that  valve  and  partly  to  the  elevation  of  the  krynx. 
Hie  backward  heave  of  the  tongue  relaxes  the  glosso-  and 
hyo-epiglottidean  ligaments  which  connect  the  front  of  the 
tpi^ottis  to  that  oigan,  and  enables  the  small  aryteno- 
epij^ottidean  muscles  to  depress  the  valve.  The  eleva- 
tion of  the  hyoid  and  larynx  is  due  to  the  action  of  the 
mylo-hyoid,  digastric,  and  genio-hyoid  muscles,  which 
pass  fnm  the  lower  jaw  to  the  hyoid,  and  of  the  thyro- 
byQids,  which  paas  from  the  hyoid  to  the  thyroid  cartilage 
of  the  larynx;  preliminary  to  their  action,  the  lower  jaw 
mist  be  fixed,  which  is  done  by  the  closure  of  the  mouth 
prior  to  the  act  of  swallowing.  The  aperture  of  the  laiynx 
is  thus  brought  into  contact  with  the  depressed  epiglottis, 
whidi  is  adapted  more  exactly  to  the  opening  by  a  change 
in  its  fonn  due  to  the  projection  of  a  cushion-like  pad 
&um  its  poeteri<nr  surface.  By  these  ingenious  arrange- 
ments the  nose  and  larynx  are  temporarily  shut  off  from 
the  boccal  part  of  the  pharynx,  and  the  adaptation  of  a 
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.single  chamber  to  the  very  different  functions  of  breatliing 
and  swallowing  is  effectively  provided  for. 

Joints  and  Muscles  of  the  Upper  Limi^.. 

The  ui)per  limb  is  jointed  to  the  trunk  at  the  .<ftru'>- 
davicular  (niiru/fdlofi.  This  is  a  diarthrodial  joint:  the 
bones  are  retained  together  bv  inve.stinL?  lineaments;  and  a 
meniscus  is  interposed  between  the  articular  surfaces,  so 
that  the  joint  jiossesses  two  synovial  uieni]>ranes.  A  strung 
n,<fo-rJ(ivlrf(J((r  ligament,  which  checks  too  great  \ipward 
UKnemcnt,  connects  the  clavicle  and  first  nb,  and  the 
inner  ends  of  the  clavicles  are  connected  bv  the  iaft^r- 
cldviculdr  ligament.  The  two  bones  of  the  shoulder  girdle 
articulate  with  each  other  at  the  diarthrodial  acnnnio- 
ridcicuhirj'tint,  which  possesses  a  capsular  ligament;  but, 
in  addition,  a  strong  coniro-cUnicuhir  Ugament,  which 
checks  too  great  dis[)lacement  of  the  bones,  i)asses  be- 
tween the  clavicle  and  coracoid.  The  movements  of  the 
upjier  limb  on  the  trunk  take  place  at  the  sterno-claWcular 
joint,  and  consist  in  tlie  elevation,  depression,  and  fi>rward 
and  backward  movement  of  the  shoulder.     The  movements 

at  the  acromio-clavicular  joint  occur  when  the  sca^mla  is 
rotated  on   the  clavicle  in  the  act  of  elevating  the  ann 

above  the  head.     The  muscles  which  cause  these  niove- 

nients  are  inserted  into  the  bones  of  the  shoulder  girdle; 

the  tra})ezius  into  the  cla%dclc,  acromion,  and  spine  of  the 

scapula;  the  rhomboid,  levator  anguli  sciipuhij,  and  serratus 

magnus  into  the  vertebral  border  of  the  scapida;  the  pec- 

toralis  minor  into  the  coracoid  process;  and  the  subclavius 

into  the  clavicle.     Elevation  of  the  entire  shoulder,  as  in 
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shrugging  the  ahonlders,  ib  due  to  the  contraction  of  the 
trapezhiSy  levator  sepals,  and  rhomboidena;  depression 
partly  to  the  weight  of  the  limb  and  partly  to  the  action  of 
the  BubdaTiQjB  and  pectoralis  minor;  movement  forward  to 
the  serratOB  and  pectoralis;  and  backward  to  the  trapezius 
and  rhomboid.  In  rotation  of  the  scapula  on  the  clavicle, 
the  inferior  angle  of  the  scapula  is  drawn  forward  by  the 
senatns  and  lower  fibres  of  trapezius^  and  backward  by  the 
levator  scapubs,  rhomboid,  and  lesser  pectoral 

The  Shoulder  Joint  ia  a  ball-and-socket  joint,  the  ball 
being  the  head  of  the  humerus,  the  socket  the  glenoid  fossa 
of  the  scapula^  A  large  capsular  ligament,  which  is 
pierced  by  the  long  tendon  of  the  biceps  muscle,  and  lined 
by  a  sjmovial  membrane,  encloses  the  articular  ends  of 
the  two  bones,  and  is  so  loose  aa  to  permit  a  range  of 
movement  greater  than  takes  place  in  any  other  joint  in 
the  body.  The  muscles  which  cause  these  movements  are 
inserted  into  the  humerus;  the  suprarspinatus,  infra- 
spinatus, and  teres  minor  into  the  great  tuberosity;  the 
sob-BC^pularis  into  the  small  tuberosity;  the  latissimus 
doni  and  teres  m%jor  into  the  bottom  of  the  bicipital 
groove;  the  pectoralis  major  into  its  anterior  border;  the 
coiaoo-brachialiB  into  the  inner  aspect  of  the  shaft,  and 
the  deltoid,  which  forms  the  fleshy  prominence  of  the 
shoulder,  into  the  outer  aspect  of  the  shaft  Abduction 
and  elevation,  or  extension  of  the  arm  outwarda  at  the 
shoulder  joint,  are  due  to  the  supra-spinatus  and  deltoid; 
addoctum  or  depression,  to  the  coraco-brachialis,  latissi- 
mus, and  teres  major,  assisted  by  the  weight  of  the 
Hmb;  movement  fcnrwards  and  elevation,  to  the  anterior 
fibres  of  the  deltoid,  pectoralis,  and  subscapularis;  back- 
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ward  movement  to  the  latissimus  and  teres  major;  rota- 
tion outwards  to  the  infra-spiuatus  and  teres  minor ; 
rotation  inwards  to  the  subscapularLs,  pectoralis,  latis^i- 
nms,  and  teres  major.  A  combination  of  aMuction. 
movement  forwards,  adduction,  and  movement  backwards, 
produces  the  movement  of  circumduction.  Certain  move- 
ments of  the  upper  limb,  however,  take  place  not  only 
at  the  shoulder  joint,  but  between  the  two  bone^  of  the 
shoulder  girdle;  for  in  elevating  the  arm,  whilst  the  suj^ra- 
spinatus  and  deltoid  initiate  the  movement  at  the  shoulder 
joint,  the  farther  elevation,  as  in  raising  the  arm  above  the 
head,  takes  place  by  the  trapezius  and  serratus,  which 
rotate  the  scapula  and  draw  its  inferior  angle  forward.  The 
free  range  of  movement  of  the  human  shoulder  is  one  of 

its  most  striking  characters, 

so  that  the  arm  can  be  moved 

/  ^^  ^^ — s^      in    every  direction    through 

space,  and  its  efficiency  as  an 
instrmnent  of  prehension  is 
thus  greatly  increased.  The 
movement  of  abduction,  or 
extension,  which  elevates  the 

Fig.  2'.». — Outline  skotch  of  liuinan  hu-  .       i-  •  i       i 

imnis.      Tlic  artinilnr  ariu  for  com-  ami    HI    huC  With  the  aXlS  of 

pK-ti-  •.•xtcn'*ion  Won  to  flu-  right  of  the 

(lotiod  line.   {Ajt'r  Goo.Jsir.)  the  scapula,  is  characteristi- 

cally human,  and  a  distinct  articular  area  is  provided  on 
the  head  of  the  humerus  for  this  movement. 

The  El  how  Joint  is  the  articulation  between  the  humerus, 
radius,  and  ulna :  the  great  sigmoid  cavity  of  the  ulna  is 
adapted  to  the  trochlea  of  the  humerus,  and  the  cup  of 
the  radius  to  tlie  capitellum.  The  joint  is  enclosed  by  a 
cajisular  ligament  lined  by  a  synovial  membrane,  which  is 
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sabdivided  into  anteiioTy  posterior,  internal,  and  ex- 
ternal bands  of  fibres.  Flexion  and  extenauxn  are  the 
two  movements  of  the  jcnnt,  and  the  range  of  morement  is 
limited  by  the  locking  at  the  end  of  flexion  of  the  ooronoid 
process  into  the  ooronoid  fossa  of  the  hnmenis,  and  at  the 
end  of  extension  of  the  olecranon  process  into  the  olecranoid 
f ossa^  The  elbow  joint  is  a  hinge  with  screwed  soifsees ; 
the  path  described  by  the  hand  and  fore-arm  is  a  ^iial,  so 
that  dming  flexion  they  are  thrown  forwards  and  inwaxdsL 
The  mnsdes  which  cause  the  movements  are  inserted  into 
the  bones  of  the  fore-arm.  The  flexors  are  the  bi 
anticDs,  inserted  into  the  ooronoid  of  the  nlna;  the 
which  forms  the  fleshy  mass  on  the  front  of  the  upper  arm, 
into  the  taberosity  of  the  radius ;  the  supinator  longns  into 
the  styloid  process  of  the  radins.  The  only  extensor  is  the 
triceps-anoonens,  which  forms  the  fleshy  mass  on  the  back 
of  the  upper  arm,  and  is  inserted  into  the  olecran<ML 

The  Radu>Mlnar  JomU  are  found  between  the  two  bones 
of  the  forearm.  The  head  of  the  radius  rolls  in  the  lesser 
sigmoid  cavity  of  the  ulna,  and  is  retained  in  position  by 
a  ring-like  ligament  which  surrounds  it ;  the  shafts  of  the 
two  bones  are  connected  together  by  the  interosseous 
membrane,  their  lower  ends  by  a  capsular  ligament  and  a 
triangular  fibro-cartilage  or  meniscus.  The  radius  rotates 
about  an  axis  drawn  through  the  centre  of  its  head  and 
the  styloid  process  of  the  ulna ;  rotation  of  the  fore-arm 
and  hand  forward  is  called  pronation, — fofcation  backwards, 
supination.  The  supinator  and  pronator  musdes  are  all 
inaftTt^  into  the  ladias :  the  supinatorB  are  the  supinator 
longus,  supinator  brevisy  and  the  biceps;  the  pronatois 
are  the  pronator  teres  and  pronator  qnadiatns.     When 


04  ANATOMY. 

delicate  manipulation  is  required  the  fore-ann  is  senii- 
iicxed  on  the  upper  arm,  for  the  cup-shaped  head  of  the 
radius  ls  then  brought  into  contact  with  the  capitellum 
(tf  the  hiunerus,  and  the  rotatory  movements  of  the  bcaie 
can  be  i>erformed  with  greater  precision. 

The  IVri-'it  or  Ji'id'uhrarjfal  Joint  is  formed  above  by  the 
lower  end  of  the  radius  and  the  triangidar  meniscus,  l)eh»w 
by  tile  upi)er  articular  surfaces  of  the  scaphoid,  semi-lunar, 
and  cuneiform  bones.  An  investinir  liirament,  lined  bv  a 
synovial  membrane,  and  subdivided  into  anterior,  jtosterior, 
internal,  and  external  bands  of  fibres,  encloses  the  joint. 
Jt  is  the  oblong  form  of  hinge-joint,  and  posse.^se^s  two 
axes,  a  long  and  a  short ;  about  the  lung  axis  movements 
occur  which  bend  the  hand  forwards,  or  bring  it  in  line 
with  the  f(.)re-arm,  or  l.)end  it  backwards;  about  the  short 
axis  the  hand  may  be  moved  towards  the  radial  or  ulnar 
margins  of  the  fore-arm.  Tlie  flexors  forward  are  the 
palmaris  longus,  inserted  into  the  palmar  fascia  ;  the  flexor 
cari)i  radial  is  into  the  metacarpal  bone  of  the  index;  the 
Ik^xor  carpi  ulnaris  into  the  pisiform  bone;  the  extensors 
and  flexors  backwards  are  the  longer  and  shorter  radial 
extensors  inserted  into  the  metacarpal  bones  of  the  index 
and  middle  Angers,  and  the  ulnar  extensor  into  the  nieta- 
cari)al  Inme  of  the  little  finger ;  the  flexors  and  extensors 
of  the  fingers  have  also  a  secondary  action  on  the  wrist 
joint.  The  ulnar  flexor  and  ulnar  extensor  of  the  \\Tist 
draw  the  hand  to  the  ulnar  side,  and  the  radial  flexor  and 
longer  extensor,  together  with  the  extensors  of  the  thumb, 
di*aw  the  hand  towards  the  radial  border  of  the  fore-arm. 

The  Curpal  and  CarjM-inctacarpal  Jot /its  arc  constructed 
thus : — The  articular  surfaces  are  retained  in  contact  by 
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dofsal  ligaments  passing  between  the  dorsal  surfaces  of 
adjacent  bcMies,  by  palmar  between  their  palmar  surfaces, 
and  by  interoeseons  ligaments  between  the  semi-lunar  and 
coneifocm,  semi-lnnar  and  scaphoid,  os  magnum  and  unci- 
fonn,  06  magnum  and  trapezoid;  lateral  ligaments  also 
attadi  the  scaphoid  to  the  trapezium,  and  the  cuneiform  to 
the  unciform.  Similarly,  the  trapezoid,  os  magnum,  and 
ondfonn  are  connected  to  the  metacarpal  bones  of  the 
fingers  by  dorsal,  palmar,  and  interosseous  ligaments,  and 
the  metacarpal  bones  of  the  fingers  have  a  like  mode  of 
onion  at  their  carpal  ends ;  further,  a  transverse  ligament 
extends  between  the  distal  ends  of  the  metacarpal  bones  of 
the  fingera,  and  checks  too  great  lateral  displacement  The 
range  of  movement  at  any  one  of  these  carpal  joints  is  very 
alight,  but  the  mnltiplidty  of  joints  in  this  locality  con- 
tzibotes  to  the  mobility  of  the  wrist,  and  gives  elasticity 
to  the  jnnction  between  the  hand  and  fore-arm.  The 
metacarpal  bone  of  the  thumb  is  not  jointed  to  the  index, 
and  has  a  distinct  saddle-shaped  articulation  with  the 
tiapennm,  invested  by  a  capsular  ligament,  so  that  its 
range  of  movement  is  extensive. 

The  Mtiacarpo^phaloMgeal  and  Inter-phalangeal  Joints 
are  connected  by  lateral  ligaments  passing  between  the 
faones,  and  by  an  arrangement  of  fibres  on  their  dorsal  and 
palmar  sorCaoes. 

In  studying  the  muscles  which  move  the  digits,  it  will 
be  adviaable,  on  accoont  of  the  freedom  and  importance  of 
the  movements  of  the  thumb,  to  examine  its  muscles  inde- 
pendently. These  muades  either  pass  from  the  fore-arm  to 
the  thnmb,  or  are  grouped  together  at  the  outer  part  of  the 
palm,  and  fonn  the  elevation  known  as  the  ball  of  the 
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t1iuinl> ;  they  are  inserted  into  either  its  metacarpal  bone 

or   |)hatanges.     Die   thumb   is    extended  and  atiduct«d, 

i.e.,   drawn    away    from    the 

index,      by     three     estensiir 

mwseles  descending  from  the 

back    of    the    fore-arm,    and 

inserted  one  into  the  proximal 

end  of  each  of  ita  three  bones. 

and  a  small  mtuelc,  sjtecially 

named   aMuctor   pollicis,  in- 

scrtedinto  theradialMdeof  the 

base  of  the  iirst  phahns  :  its 

lionea  are  bent  on  each  iither 

by  a   long    and   short  flexor 

muscle ;  the  long  is  inserted 

into  the  base  of  the  weeond,  the 

short  into  the  base  of  the  first 

phalanx;  it  is  drawn  Kack  to 

the    index    by    an    adductor 

muscle  inserted  into  the  ulnar 

side  of  the  base  of  tlie  first 

It  phalanx;  and  the    entire 

I-  thumb  is  thrown  across  the 

0  surface  of  the  palm  by   the 

I",  ipwli.not  Hi'XOT  r«riJnlii«l«;  oppoiiens     polhcis,    which     is 

irarnyerKinttiiciu-paiiigsnHni.       inserted  into  the  shaft  of  the 

metacarjial  bone. 

The  four  fiiigers  can  be  either  bent,  or  extended,  or 
drawn  asunder,  i.f.,  abduct«d ;  or  drawn  together,  i'.#,, 
adducted.  The  ungual  phalanges  can  be  bent  by  the 
action  of  the  deep  flexor  muscle,  the  four  tendons  of  which 
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■n  itttotel  into  them ;  tlie  second  pbaUnges  hy  the  snper- 
fidal  fLexat,  alao  inaeited  hy  four  tendons,  one  into  eaoli 
phdanx ;  these  muacln  descend  from  the  front  of  the  fore- 
urn  into  the  palm  in  front  of  the  mist,  where  they  are 


in  a  canal  hj  a  strong  band,  the  <aUerior  antuiUar 
,  and  thdr  snrfaces  ere  invested  b;  a  synovial 
I,  irhidx  focilitatea  their  movements  to  and  ho 
bwwath  that  ligament ;  as  the;  pass  downvards  in  front  of 
the  fingera  they  are  enclosed  in  a  strong  fibrous  aheath 
linwl  by  a  STSorial  membrane^  and  the  tendon  of  the  eagisr- 
fidal  flexor  is  pierced  by  the  deep  flexor,  so  that  the  latter 
any  naih  the  third  phalanx  into  which  it  is  inserted. 
Foot  rouoded  muscles,  the  lumbricales,  arise  in  the  palm 
from  the  deep  flexor  tendons,  turn  round  the  radial  borders 
el  the  first  phalanges,  and  are  inserted  one  into  the  extensor 
tendon  on  the  dorsam  of  each  finger ;  these  muscles  bend 
the  first  phalanges  on  the  metacarpal  bones,  but  from  their 
insertion  into  the  extensor  tendons  they  also  extend  the 
second  and  third  phalanges  on  the  first ;  as  they  are  much 
osed  in  playing  stringed  inBtroments,  they  hare  been  called 
"fiddlcn'mnsdes."  Thefingersareextendedorstraightened 
fay  maadea  inserted  into  the  back  of  the  second  and  tliird 
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phalanges ;  the  extensor  muscles  descend  from  the  back  of 
the  fore-arm, — one,  the  common  extensor,  subdivides  into 
four  tendons,  one  for  each  finger,  but  in  addition  the  index 
and  little  have  each  a  separate  extensor  muscle,  the  tendon 
of  which  joins  that  of  the  common  extensor  passing  to  the 
same  finger.  The  index  finger  possesses  more  indepen- 
dent movement  than  the  other  digits — hence  its  more 
frequent  use  as  a  "  pointer;'*  the  extensor  tendons  of 
the  little  and  ring  fingers  are  usually  united  together, 
so  that  these  digits  are  associated  in  their  movements. 
Abduction  and  adduction  of  the  fingers  are  caused  by 
seven  small  muscles  situated  in  the  intervals  between 
the  metacarpal  bones, — hence  called  int^rossei;  four  of 
these  lie  on  the  back  of  the  hand,  three  on  its  pahnar 
surface ;  they  are  inserted  into  the  sides  of  the  first 
phalanges,  and  either  pull  the  fingers  away  from  a  line 
drawn  through  the  middle  finger  or  approximate  them  to 
that  line.  Too  great  abduction  is  checked  by  the  trans- 
verse metacarpal  ligament.  The  human  hand  is  a  perfect  in- 
stnmicnt  of  prehension ;  not  only  can  the  individual  fingers 
be  bent  into  hooks,  but  the  thumb  can  be  thrown  across  the 
front  of  the  palm,  so  that  it  can  be  opposed  to  the  several 
fingers,  and  objects  can  therefore  be  grasped  between  it  and 
them ;  but  further,  this  power  of  opposing  the  thumb  permits 
objects  to  be  held  in  the  palm  of  the  hand,  which  may  be 
hollowed  into  a  cup  or  made  to  grasp  a  sphere.  The 
movements  of  the  joints  are  indicated  on  the  surface  of 
the  palm  by  tegumentary  folds, — an  oblique  fold  for  the 
thumb,  and  two  oblique  folds  for  the  metacarpo-phalangeal 
joints  of  the  fingers ;  the  joints  of  the  second  and  third 
phalanges  are  also  marked  on  the  surface  by  folds. 
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Jonrra  A2n>  Mubglis  of  ths  Lowxe  Ldib. 

The  iimominate  boiwi  an  oonnectad  to  llie  qpind  o^^ 
bythoaaeio-iliaejaiBtiaiid  tfaB8tcn>«aMl^  Hie 

Saero^Uime  Jmmt  k  between  the  ode  of  tfas  ncmm  end  die 
intemal  sorfeoe  ai  the  ilimii,  the  aitkokr  smlMee  <tf  which 
borne  lie  ooivcrod  b^  cartflage,  and  eonnecteii  togadier 
by  ahoity  atioog  aaoo-Oiae  KgaaniwitiL  The  SaerKhSdaiie 
Ugamenta  atntch  from  the  side  of  the  aaonm  and  coocjx 
to  the  ^ine  and  tuberoaify  of  the  iachnon.  The  two 
innominate  bonea  aie  also  eonnectod  together  at  the  jNi6iie 
«fnpAfeMy  iHoch  la  an  amphiaithiodial  joint.  Hie  aaao- 
iliae  JQUnta  and  pdfaie  sjm^jaiB  pennii  onl^  ali§^  moie- 
ment;  that  at  the  fonner  ia  about  an  imaginaiy  ajaSy 
diawB  tnnareiaelythioii^  the  aeecmd  aacnl  vertefany  which 
aDowa  the  beae  of  the  flecnni  to  be  thrown  lofwaid  and  ita 
^wz  beekwud  in  the  atooping  poeitbn  of  the  body;  but 
too  grent  morement  backwaid  of  the  apex  is  checked  by 
the  aacro-adatic  ligamentBL  Aa  the  weight  of  the  trank, 
or  of  what  may  be  earned  in  the  anne  or  on  the  back,  ia 
tsanonitted  through  the  haonch-bonea  to  the  lower  limbay 
the  aacro-iliac  b'gMnenta  reqoire  to  be  of  great  atrangth, 
becanae  the  aacrnm,  and  with  it  the  entire  tnmk,  are  aoa- 
pended  by  them  on  the  two  innominate  bonea. 

The  ff^  JoitU  ia  a  balUnd-aocket  joint;  the  ball  ia  the 
head  of  the  femur,  and  the  aocket  the  oq^ahaped  aeetabn- 
Imn  in  the  hannch  bcme,  the  dqith  of  the  cnp  being  in- 
creased bya  ligament  which  ia  attached  araond  the  brim. 
A  kiga  capsokr  Kgwnent,  which  is  eqieciaOy  atrengthened 
in  front  by  an  ilio-f emoral  band,  fnrJo#^  the  articDhv  aor- 
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faces.     The  ligament  ia  lined  by  a  synovial  membrane, 
which  also  inveata  the  ne^  of  the  thi^  bone.     ^^Hfthin 
the  joint  is  the  roond  or  suspensory  ligament  attached 
to  the  head  of  the  thigh  bone  and  to  the  aidea  of  the 
depression  at  the  bottom  of  the  aoetabnlnm.     Whilst  the 
hip  joint  poesessea  considerable  mobility,  it  has  much 
more  stability  than  the  ahonlder,  owing  to  the  aceta- 
bulmn  being  deeper  than  the  ^enoid  f  oesa»  and  the  greater 
strength  and  tension  of  the  fibres  of  its  capeolar  ligament 
The  muscles  which  move  the  thi^  at  the  hip  joint  are 
situated  either  behind  the  joint,  where  they  fonoa  the 
fleshy  mass  of  the  battock,  or  at  the  front  and  the  inner 
side  of  the  thigh.     They  are  inserted  either  into  the 
femur  or  faada  lata,  and  the  great  and  small  trochanten 
.  and  linea  aspera  serve  as  their  principal  surf acea  of  attach- 
ment.   The  thigh  can  be  bent  on  the  abdomen  by  the 
action  of  the  psoas,  ili<y?uf^  and  pectineos,  which  lie  in 
front  of  the  joint;  it  can  be  extended  or  drawn  into 
line  with  the  trunk  by  the  ^ntsos  nuudmas  and  medins 
it  can  be  abducted  or  drawn  away  f^om  the  opposite  thigh 
by  the  glntaeus  maximus,  medins,  and  miwimif^  which 
muscles  are  of  laige  sixe,  and  f onn  the  fleshy  mass  of  the 
buttocks.     It  can  be  adducted  or  diawn  to  touch  its 
fellow,  or,  if  slighUy  bent,  drawn  in  front  of  its  feUow,  by 
the  adductor  longus,  brevis,  and  magnus,  which  musdea  are 
inserted  into  the  linea  aspera,  and  form  the  fleahy  mass  on 
the  inner  side  of  the  thigh ;  and  by  the  pectineus  and  quad, 
ratus  f  emoris.    It  can  be  rotated  outwards  by  the  obturator 
and  gemelli  muscles,  the  g^utsus  maximus,  pyriformis,  and 
quadratus  femoris;  and  rotated  inwards  by  the  ghit»us 
mediusi  minimus,  and  tensor  fascia  femoris.    In  ftindiT^g 
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erect  the  hip  jointB  are  Mty  extended,  and  the  merluinifal 
aRaDgementB  in  and  around  these  articaktiana  are  aoch 
as  to  eoaUe  them  to  be  retained  in  the  extended  pontion 
with  hot  a  small  expenditure  ol  mnacnlar  power.  As  the 
wei^t  <rf  the  body  in  the  erect  attitode  falls  bdiind  the 
jointSy  the  stnmg  anterior  fibres  of  their  «>pM^*^  ^0^ 
ments  are  made  tense,  and  the  extended  position  of  the 
j<Mnts  is  preserred.  80  long  as  the  centre  of  gntfity  falls 
within  the  basis  d  sappOTt  of  the  bo^,  Lc^  the  space 
between  the  two  feet  when  standing  on  both  kgs,  the  bodj 
wiU  not  filL  If  the  body  is  made  to  lean  forward,  then 
the  capsnlar  ligament  is  no  longer  tense,  and  the  ^hitsal 
mnades  are  put  in  action  to  re^extend  the  trunk  on  the 
thi^  and  preivent  it  from  falling  forward  ;  if  the  bodj  is 
made  to  lean  to  one  side  or  the  other,  the  roond  Ugament 
is  made  tense,  or  the  strcmg  ilio-tibial  band  of  the  fascia 
lata  of  the  thigh,  which  stretches  from  the  iliam  to  the 
tibia,  is  pat  on  the  stretch,  and  falling  sideways  is  pre- 
sented. When,  in  irtanding  erect  cither  on  one  or  both 
feet,  the  balance  of  the  body  is  distnibed,  then  Yarioos 
muscles  both  of  the  tronk  and  lower  limb  are  broi^t  into 
action  to  assist  in  preserving  the  erect  position.  In  the 
erect  position  the  weight  of  the  tronk  is  transmitted 
through  the  aeetabola  to  the  heads  of  the  thig^b-bones,  but 
the  poeitian  and  connedaons  of  the  roond  ligament  enable 
it  to  sospend  that  portion  of  the  tronk  the  weig^  of  which 
is  thrown  iqKm  it,  and  to  distribote  the  wei^  over  the 
head  of  the  f  emnr. 

The  Kiue  is  the  laigest  and  most  eomf&ated  joint  in 
the  body.  It  consists  of  the  femor,  tflna,  and  pateDa. 
The  patella  mores  np  and  down  the  trochlear  Boxfaee  of 
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the  femur,  vidbt  the  eondjles  of  the  femur  roll  upon  the 
semflimar  caxtflagee  end  erticdbur  eorfiaoee  of  the  tihi^ 
A  pcyweifiil  iufestiug  Ij^HEoenty  which  ie  eobdivided  into 
bendsy  endoeee  the  eiticiikr  em&oes.     One  band  liee  on 
each  aide  of  the  jooii^  tis^  the  internal  and  extenial  lateral 
ligamenta;  one  behind,  a  poatcnor;  and  one  in  fronts  an 
anteEiw  ligament.     The  anterior  extenda  from  the  patdla  to 
the  anterior  iaberde  of  the  tibia,  and  aenree  both  aa  a 
ligamoit  and  aa  the  tendcm  of  inaertion  of  the  extenaor 
mnadea  of  the  1^.     Within  the  investing  ligament  two 
interarticiilar  or  cradal  Ugamenta  pass  from  the  inter- 
condyloid  foeaa  to  the  upper  aoifaoe  of  the  tibia;  and 
inteipoflod  between  the  tibia  and  femoral  condylea  are 
two  meniad,  which  from  their  ahape  are  called  the  aemi- 
lunar  cartilagee.    The  aynovial  membrane  not  only  lines 
the  inveeting  ligaments,  bat  oovera  the  front  of  the  femur 
for  some  distance  above  the  trochlea,  and  forma  folds  cr 
pads  within  the  joint  itself,  which  in  certain  moyements 
are  interposed  between  the  articular  soxf acea  of  the  bone(L 
The  movements  at  this  joint  are  those  of  flexion  and  exten- 
sion.    The  flexors  are  the  three  great  mnadea  on  the  back 
of  the  thigh,  called  the  ham-strings ;  they  all  arise  fram 
the  ischial  tnberosity,  and  are  inserted — ^the  biceps  into 
the  head  of  the  fibnk,  the  semi-tendinosna  and  sam-mem- 
branosns  into  the  upper  end  of  the  tibia.     The  extenaora 
form  the  fleshy  mass  on  the  front  and  outer  aide  of  the 
thigh;  one  muscle,  the  rectus,  arises  from  the  ilium— the 
others,  the  yasti,  from  the  shaft  of  the  femur ;  and  they  are 
all  inserted  by  a  powerful  tendon  into  the  patella,  and 
through  the  anterior  ligsment  of  the  knee  into  the  tibia. 
The  patella  is  indeed  a  mmmtAA  han^   ii««»Ur^  ;»  4i^ 
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tendon  of  theee  mnadea  (f^  18).  The  Imee  can  be  bent 
ao  that  the  ca]f  can  touch  the  back  of  the  thi^  and  in 
this  position  the  patelk  ii  diawn  down  in  fiant  <d  the 
joiJit,  as  in  Jbieeling.  The  articalar  anifaoe  of  the  patella 
is  divided  into  seven  aieas  or  faoet^  and  in  paBfring  from 
the  bent  to  the  extended  position  of  the  joints  these  f^etp 
come  soooesaiYelj  into  contact  vith  the  articolar  sniface  of 
the  femur,  nnti],  when  the  leg  is  fnllj  extended  va  the 
thigh,  the  whole  of  the  patella  is  raised  abo^e  the  femoral 
trochlea^  except  the  lowest  pair  of  narrow  facets.  It  is  in 
order  to  proride  a  smooth  surface  for  the  patella  in  this 
position  that  the  synovial  membrane  of  the  joint  covers 
the  front  of  the  lower  end  of  the  femur,  and  the  membmoe 
is  drawn  upwards  by  the  action  of  the  small  snb-eruneus 
musda.  At  the  commencement  of  flexion  a  slight  rotation 
inwards  of  the  hg  and  foot  takes  place  thnntgh  the  action 
of  the  sartoaus,  giacilii,  and  semi-teadinosufl^  which  aie 
inserted  dose  together  into  the  inner  surface  of  the  shaft  of 
the  tibia ;  whilst  the  extensor  muades  cause,  at  the  com- 
pletion of  extension,  a  slight  rotaktion  outwards  of  the  1^ 
and  foot.  The  morements  of  flexion  and  extension  are  not 
simply  in  the  antero-posterior  plane,  but  along  oblique 
paths,  which  are  detennined  by  the  screwed  conflgniation 
of  the  femoral  condyles.  In  complete  extension  of  the  leg 
the  joint  is  "  screwed  home }"  and  as  this  position  is 
necessary  for  the  preservation  of  the  erect  attitude,  the 
lateral,  the  posterior,  and  the  anterior  crucial  ligaments 
are  thea  all  tense,  to  prevent  diaplacemeat  id  the  bo  les. 
The  muscles  wiiich  rotate  the  leg  and  foot  inwards 
initiitft  the  act  of  flexion  by  unlocking  the  joint. 

The  TMo-JUndar  JoUU*  between  the  upper  and  lower 
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ends  of  the  bones  possess  inyesting  ligaments  lined  by 
synovial  membrane,  and  a  strong  interosseons  ligament 
binds  together  the  lower  ends  of  the  tibia  and  fibula.  An 
interosseons  membrane  fills  up  the  interval  between  their 
shafta.  The  movement  between  the  two  bones  is  almost 
inappreciable. 

The  AnJde  Joint  is  formed  by  the  convex  upper  and  the 
lateral  surfaces  of  the  astragalus  fitting  into  the  concavity 
formed  by  the  lower  end  of  the  tibia  and  the  two  malleoli 
An  investing  ligament,  lined  by  synovial  membrane, 
encloses  the  joint;  the  lateral  portions  of  this  ligament 
fonn  distinct  bands,  and  are  much  stronger  than  the 
anterior  and  posterior  fibres.  A  diarthiodial  joint  also 
exists  between  the  astragalus  and  os  calcis,  between  which 
bones  a  powerful  interosseous  ligament  passes.  Between 
the  astragalus  and  scaphoid,  and  the  os  calcis  and  cuboid, 
important  diarthrodial  joints  are  found,  which  are  enclosed 
by  ligamentous  bands.  The  astragalo-scaphoid  joint  is 
completed  below  by  the  strong  inferior  calcaneo4caphoid 
ligament,  on  which  the  head  of  the  astragalus  rests.  The 
remaining  tarsal  bones  are  connected  together  usually  by 
dorsal,  plantar,  and  interosseous  ligaments,  and  a  similar 
mode  of  union  is  found  between  the  distal  row  of  tarsal 
bones  and  the  metatarsals,  except  between  the  great  toe  and 
ento-cuneiform,  where  there  is  no  interosseous  ligament 
The  four  outer  metatarsals  are  also  connected  at  their 
proximal  ends  by  distal,  plantar,  and  interosseous  liga- 
ments; and  further,  a  transverse  metatarsal  ligament 
passes  between  the  distal  ends  of  all  the  metatarsal 
bones.  The  metatarsal  bones  articulate  with  the  pha- 
langes, and  the  phalanges  with  each  other,  in  a 
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to  that  deecribed  m  the  comsponding  bones  of 
the  band. 

At  the  ankle  joint  moTementa  of  flexion  and  extension 
take  place.  The  donom  of  the  foot  is  bent  towaids  the 
front  ol  the  leg  by  the  direct  action  of  the  mnsdes  on  the 
front  of  the  leg,  more  especially  the  tibialis  anticos,  inserted 
into  the  ento-coneif  onn  and  metatanal  of  great  toe,  and 
the  peroneos  tertiaS|  inserted  into  the  metatanal  of  little 
toe.  The  opposite  movement,  the  so^alled  extension  of  the 
foot,  is  due  to  the  action  of  the  gastrocnemins  and  solens, 
the  great  mnsdes  of  the  calf  of  the  leg,  which  are  inserted 
by  the  Tendo  AchiHis  into  the  posterior  prominence  of  the 
OS  cakis  or  heeL  This  movement  is  made  at  every  step  in 
walking  or  ronning,  and  the  great  size  of  the  calf -mnsdes 
is  in  idation  to  their  nse  in  the  act  of  progression.  The 
foot  cannot,  however,  be  drawn  so  far  bade  as  to  be  brought 
Into  direct  line  with  the  1^  In  standing  erect  the  foot  is 
at  11^  ang^  to  the  axis  of  the  leg,  the  astragalus  is 
fedced  in  between  the  two  malleoli,  and  the  fibres  of  the 
Isleral  ligaments  are  tense,  so  as  to  dieck  movement 
forwards  or  backwards,  and  prevent  displacement 

Between  the  several  bones  of  the  tarsos  a  certain  amount 
of  ^Bding  is  permitted,  more  especially  between  the  os 
eaids  and  cnboid  and  the  astragalus  and  8<iaphoid,  so  that 
it  is  poasible  to  invert  or  evert  the  foot,  i«.,  to  nose  its 
inner  or  enter  borden  from  the  ground.  The  inversion  is 
perfonned  by  the  tibialis  anticus  and  by  the  tibialis 
fM^ifug'^  which  latter  is  inserted  into  the  scaphoid  bone ; 
the  evenion  by  the  peroneus  longus  and  brevis  musdes, 
■toated  on  the  ooter  side  of  the  leg,  the  tendons  of  which 
ptSB  bddnd  the  outer  malleolus, — ^the  brevis  to  be  inserted 


106  ANATOMY. 

into  the  metatarsal  bone  of  the  little  toe,  the  longus  into 
tlie  plantar  surface  of  the  metatarsal  bone  of  the  great  toe. 
The  individual  toes  are  bent  on  the  sole  by  the  action  of 
the  flexor  muscles  inserted  into  the  plantar  surface  of  the 
j)halanges,  and  they  are  straightened  by  the  extensor 
muscles  inserted  into  their  dorsal  surfaces ;  the  toes  also 
can  be  drawn  asunder  or  abducted,  and  drawn  together 
or  adducted,  chiefly  by  the  action  of  the  inten^ssei 
muscles.  The  hallux  or  great  toe  is  the  most  im- 
portant digit;  a  line  prolonged  backwards  through  it  to 
the  heel  forms  the  proper  axis  of  the  foot,  and  the  sole 
chiefly  rests  upon  the  pads  of  integument  situated  beneath 
its  metatarso-i)halaugeal  joint  and  the  heel.  The  hallux 
is  much  more  restricted  in  its  movements  than  the  thumb  : 
the  configuration  of  its  tarso-metatarsal  joint  and  the  attach- 
ment to  it  of  the  transverse  metatarsal  ligament  prevent 
the  great  toe  from  being  thrown  across  the  surface  of  tlie 
sole  as  the  thumb  is  thrown  across  the  palm  in  the  move- 
ment of  opposition ;  an  object  can,  however,  be  grasped 
between  the  hallux  and  second  toe  by  the  action  of  its 
adductor  muscles,  and  persons  can  be  trained  to  write  with 
a  pen  or  pencil  held  in  this  position. 

The  act  of  walking  consists  in  the  movement  forwards 
of  the  tnink  by  the  alternate  advancement  of  the  lower 
limbs.  Sui)pose  a  person  to  be  standing  erect,  with  one 
leg  a  little  in  advance  of  the  other ;  the  body,  being 
inclined  slightly  forwards,  is  pushed  in  advance  by  the 
extension  of  the  hindmost  limb,  so  that  the  weight  falls 
more  and  more  upon  the  advanced  leg,  which  at  the  same 
time  is  shortened  by  bending  the  knee  and  ankle.  The 
heel  of  the  hindmost  limb  being  then  raised  by  the  action 


JOIHTS  AKD  MUSCLES — ^LOWEB  LIMB.  107 

of  tibe  nittcles  at  the  calf,  the  toes  press  against  the  ground 
«>  as  to  posh  the  trunk  so  far  in  front  of  the  advanced 
liBhas  to  be  no  longer  saf elj  snpparted  by  it ;  the  hind- 
BOit  fiab  is  then  raised  from  the  ground  by  muscular 
ictioo,  and  aOoired  to  swing  forward  by  its  own  weight, 
bat  guided  bythe  masdeSyiiiitil  the  toes  touch  theground 
in  front  of  tiie  opposite  limb.  A  step  has  now  been  made^ 
tad  the  limbs  are  in  a  corresponding  but  opposite  podtioii 
from  that  in  which  they  were  when  the  step  commenced : 
A  T^wtition  of  the  act  oonstitotes  another  step,  and  so  the 
sbsnate  action  continues.  At  one  moment  in  each  step 
botk  leet  toudi  the  groond  at  the  same  time,  Le,,  when 
tbehindfoot  presses  against  the  earth.  The  act  of  running 
eonaats  in  a  repetitian  of  the  movements  of  walking  per- 
fomed  with  so  much  greater  rapidity  that  the  feet  never 
tooch  the  ground  at  the  same  moment ;  the  heels  also  are 
never  broqi^  to  the  ground.  The  propulsive  action  is 
ibo  gresfdy  increased  by  the  extension  of  the  hip  and  knee 
jointBi  so  that  a  succession  of  small  leaps  on  to  alternate 
feet  takes  plaosL  In  leaping  from  the  standing  position 
the  joints  off  both  lower  limbs,  previously  flexed,  are  suddenly 
sad  nmnhaneoualy  extended,  and  the  body  is  projected 
tewwds  with  a  npad  impolse. 

J>ivKu>nmiT  AXD  HoMOLoom  or  tbs  Yoluhtabt 

UvacuLAM  Ststbh. 

Thi  fohuUMf  BosdM,  like  the  bonea  and  joints  with  which 
tbiy  tn  m  istiiiMtflly  —oditcd,  m  developed  out  of  the  middle 
tf  ^  tbna  li^rffB  the  mceo-Moif— into  which  the  genninal  area 
w  krirfiAiM  of  Hie  young  eeabryo  is  divided.  The  mnadee  of  the 
aial  Aahaou  an  e^iable  of  aabdivisioB  into  a  gnmp  sitiuited 
•rtadi  ^  fiMtn  AwUrton,  i.e.,  between  it  and  the  integument— 
vUch  msdcs  hste  noentiy  been  ealled  0pi-«2ae2eta^— -and  a  gnmp 
Ypag  OB  the  ventral  sorfSue  of  the  vertebral  bodiea  and  within  the 
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rib  arches,  which  have  been  termed  the  haemal  or  hirpo-skchial 
muscles.  The  e]>i-skeh'tal  mus<.'lei>,  like  the  vertebnc  themselves, 
are  develoixMl  within  the  proto-vcrtthrcty  but  it  is  not  known  if  the 
liyix)-skeletal  group  liave  the  same  origin.  In  fishes  the  epi- 
akelctal  muscles  j»reserve  tluir  fundamental  arrangement  vdxh.  but 
little  modifnation.  They  are  disposed  in  transverse  segments  or 
myotmnrs,  which  equal  in  numlH?r  the  vertebne.  These  myotomes 
are  se])aiat«'d  from  each  other  by  bands  of  fibrous  tissue,  the  jVi//t- 
muscular  srj>ft(.  In  man  and  the  higher  vertebrat<?s  the  simple 
transversely  segmented  arrangement  is  to  a  large  extent  lost.  Traces 
are  preserved,  however,  in  the  interspinals  and  intertransversales 
muscles,  situated  in  the  intervals  l>i'tween  the  spines  and  transverse 
processes  of  some  of  the  vertebral  segments  ;  in  the  external  inter- 
costJils  anrl  in  the  recti  alxlominis  muscles,  in  the  last-named  of 
which  tendinous  l»ands  subdivide  the  nmscle  into  several  transverse 
segments.  More  usually,  the  intennuscular  septa  either  are  not 
formed  or  (lisapi»car,  and  adjacent  myotomes  become  blended  into  a 
continuous  ma-»s  of  musele.  In  some  instances  the  fibres  of  this 
muscle  run  longitudinally,  and  the  entire  mass  sulxlivides  longi- 
tudinally into  sej)arate  and  distinct  parallel  muscb's,  as  is  seen  in 
the  sul^livision  of  the  great  erector  spinic  into  the  sacro-lumKilis, 
musculus  accessorius,  cervicalis  ascendens,  longissinms  dorsi,  tnuis- 
vei>ialis  cervicis,  trachelo-mastoid,  and  sjanalis  dorsi  muscles.  In 
other  instances  the  muscles  run  obliipiely  ;  some  on  the  back  of 
the  body  pass  o)di(|uely  from  below  upwards  and  outwanis,  as  the 
splenius  and  obliquus  inHuior  ;  others  obli(iuely  from  Ixluw,  uj>- 
wards  and  inwards,  as  the  com])lexus,  obli(iuus  sui>erior,  semi- 
spinalis,  multitidus  and  rotatores  spin.'e  ;  others  again,  as  the  external 
and  internal  olili<iue  muscles  of  the  alxlomen,  extend  obliijuely  from 
behind  forwards  to  the  ventral  mesial  line. 

Of  the  hypo-skeletal  group  of  muscles,  the  intenial  intercostals  dis- 
l»lay  the  transverse  segment^ition.  As  a  rule,  however,  the  muscles 
of  thisgrouj)  extend  longitudinally,  andfonn  the  pne-vertebrul  group, 
named  anterior  recti,  longi  colli,  and  pso;e  ;  though  the  diajihragm, 
triangulares  stenii,  transversi  abdominis,  and  levatores  ani,  which 
lie  in  relation  to  the  inner  surfaces  of  the  ribs  and  visceral  cavities, 
are  not  longitudinal,  but  are  specially  mollified  in  arrangement  for 
functional  reasons.  The  plane  of  demarcation  l>etween  the  hy|X)- 
and  <'i>i-skeletal  groups  of  muscles,  where  they  fonn  together  the 
walls  of  the  gn'at  visceral  chambers, — the  thorax  and  aUlomen, — 
is  marked  olf  by  the  i)osition  and  course  of  the  intercostal  series  of 
spinal  nerves. 
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Thft  imnrVerttiched  to  the  appeiidiciikrakeleton  m  eitluar  limited 
to  the  limbs  (partkj  appendiciilu;  therefore),  or  ptas  from  the  axial 
pnt  of  tiie  hodj  to  the  limb  (mzi-ftppendicolar).  The  axi-appen- 
cliedar  group  are  midoabtedly  prolongatioiia  of  the  axial  qratem  of 
■flt^lfif^  ncy  are  in  the  upper  limb  deriTed  from  the  epi'^keletal 
aabdiTiBOiit  and  form  the  trapezina,  rhomboid,  leTator  angnli 
aeapalg,  latiaarmm  dord»  aabdaTiiia,  aemtoa  magnna,  and  greater 
ad  aaaDcr  pectoral  moadea.  In  the  lower  limb  they  are  in  part 
dmred  from  the  hypo-akeletal  anbdifiaioii,  and  fonn  the  paoaa  and 
pyrifomia ;  and  in  pari;  aa  the  glntena  nuudmna,  from  the  epi- 
akdetd  anbdiTiaioin.  It  ia  not  improbable  that  the  purely  appen- 
dieakr  moadea  are  alao  prolongationa  of  the  axial  ayatem,  and  that 
aa  the  fimba,  in  their  derelopment  from  their  ftmdamental  bad- 
]ika  lappeta,  nndefgo  both  a  tranarerae  and  a  longitudinal  aeg- 
nntatioB,  ao  the  mnacnlar  maaa,  prolonged  into  them,  differen- 
tbtea  both  tnaavenel^  and  longitudinally  into  a  motor  apparatoa, 
fitted  for  the  pcHbnnanoe  of  the  apedal  functiona  of  each  extremity. 


CHAPTER    III. 


ANATOMY  OF  THE  TEXTURES  OR  TISSUES. 


Introductory. 


Before  proceeding  to  tlie  description  of  the  other  organic 
systems  of  which  the  human  body  is  built  up,  it  may  be 
well  to  enter  into  the  consideration  of  the  minute  or 
microscopic  structure  of  its  constituent  jmrts.  These  parts 
may  primarily  be  divided  into  fluids  and  solids.  The  fluids 
are  the  blood,  the  lymph,  the  chyle,  the  secretions  of  the 
various  glands,  and  of  the  serous  and  synovial  membranes. 
The  solids  form  the  framework  of  the  several  organic 
systems,  and  assume  difi'erent  appearances  in  difl"erent 
localities.  Sometimes  they  are  arranged  in  compact  solid 
masses,  as  in  cartilage ;  at  others  they  are  elongated  into 
fine  threads  or  fibres,  as  in  muscle,  tendon,  nerve ;  at 
others  they  are  exj^anded  into  thin  membranes,  as  in  the 
fascia?  or  aponeuroses,  the  serous,  s\7iovial,  and  mucous 
membranes  ;  at  others  they  are  hollowed  out  into  distinct 
tubes  for  the  conveyance  of  fluids,  as  in  the  bloixi-vesi>eK 
the  lymph  and  chyle  vessels,  and  the  ducts  of  glands.  To 
the  solids  of  the  body,  whatever  their  form  may  be,  the 
general  name  of  Tissues  or  Textures  is  applied.  Each 
organic  system  may  be  regarded  as  in  the  main  composed 
of  a  tissue  or  texture  peculiar  to  and  characteristic  of  it- 
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idi  ThiiBy  the  bonet  are  caentieliy  oompoeed  of  the 
tiMoe^  the  nmedee  d  the  nniflciikur  tjimiAi  j^^ 
syBtem  of  the  wBtwooB  tiBwie»  fibrous  membzanes 
d  the  fibrooe  or  eonaeetm  tiarae,  Aa  But  though  the 
MRBtiel  eonatitiiflat  of  each  oigaiiic  a^tem  ia  a  tiaane 
paeoliar  to  that  ayatem,  jet  ia  moat  localitiea  oertain  other 
t»awa  ave  aua^ed  with  that  wMeh  la  to  be  regarded  aa 
the  diametanBtie  teztora  of  the  part  In  a  moade,  for 
Tffaaqrlit,  aoi  only  la  flie  moaciilar  tiaane  preaent,  but 
Tiinglinl  with  it  are  coimeetive  tiaane,  nerve  tiaane,  blood- 
vaank^  and  lymi^veaaela.  A  g^and  alao  not  only  conaiata 
of  ilB  proper  tiaane^  the  aeereting  eella,  bnt  of  more  or  len 
eooMetive  tiasne^  nervea,  blood  and  lymph  veaaela,  and 
^aiid  dncta.  Indeed,  there  are  few  localitiea  in  which, 
akng  with  the  proper  tiaane  of  the  part,  blood  and  lyn^h 
nauolo,  nerfea  and  connectiTe  tiaane,  are  not  fonnd;  and 
to  a  part  built  np  of  two  or  mora  tiaanea  the  name  of  an 
OiOAH  ia  applied.  Thna  the  mnacnlar  aystem  conaiata  of 
^  aeriea  of  oigana  which  we  call  the  mnades,  the  gland- 
akr  ajratem  of  the  aeveral  organa  called  glanda,  and  ao  on. 
Each  tiaane  and  each  oigan,  into  the  construction  of  which 
that  tiaane  entera  aa  the  characteristic  teztore,  possesses  not 
only  ^fistinctive  atmetnral,  but  also  distinctiye  functional 
piupeitiea.  Thna  the  mnsenlBr  tiaane  ia  characterised  by 
the  prupeity  of  contractility,  and  the  mnades,  of  which 
it  fonM  the  eaaential  texture,  are  oigana  of  motion  or 
looomotioB;  the  oaaeona  tiaane  ia  characteriaed  by  ita 
hardiMBB  and  atrength,  and  the  bonea,  of  which  it  forma 
the  lawjilial  teztore,  are  organa  of  protection  and  mippott 
Bst  the  atni^  of  the  teiJiuea  aml»aeea  an  inquiry  not 
aniy  mto  the  qwdal,  atraefcuial,  and  functional  propertiaa 
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of  mesh  tisBoe  and  orgui — into  the  special  pert  whick  each 
pLajB  in  the  animal  eoonomy — but  the  considenition  of 
their  properties  as  living  sUnctmes.  It  would  be  oat  of 
place  in  this  woik  to  enter  into  a  discussion  of  the  mean- 
ing of  the  tenn  Lifb,  or  LiYiKOy  or  to  attempt  an  analysis 
of  the  Tsrioos  definitions  of  the  tenn  which  haye  been 
soggested  from  time  to  time  by  different  philoeopheca 
It  will  suffice  for  oar  present  porpose  to  adopt  the  old 
Aristotelian  definition,  and  to  speak  of  Life  as  the  focalties 
of  self -noarishment,  self-growth,  and  self-decay.  All  the 
tissaesi  over  and  above  the  special  properties  which  they 
possess,  have  the  power  of  growing,  and  of  maintaining 
themselTes  in  foil  stractaial  perfection  and  fanctional 
activity  for  a  given  period  of  time.  After  a  time  they 
b^gin  to  exhibit  signs  of  diminished  perfection  and  activity, 
they  degenerate  or  decay;  altimately  they  die^  and  the 
entire  organism  of  which  they  form  the  constitaent  paita 
is  resoWed  by  the  patref active  process  into  more  simple 
forms  of  matter. 

GXNS&AL  COKSmXRJLTIONB  OK  CXLLS. 

The  simplest  form  of  organic  matter  capable  of  ex- 
hibiting the  phenomena  of  life  is  called  Cyto-bkstema  or 
ProtoplasoL  It  possesses  a  viscous  or  jelly-like  con- 
sistency. Under  the  highest  powers  of  the  micro80<^  it 
seems  to  be  homogeneous,  or  dimly  granulated,  li^*  a 
sheet  of  ground  glass.  Not  only  can  it  assimilate  nntri- 
ment  and  increase  in  sise,  but  it  possesses  the  power 
of  spontaneous  movement  and  contractility.  It  enteia  in 
a  very  important  manner  into  the  structure  of  the  bodiea 
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of  tiu  loirer  animnU  The  elongated  processaa,  or  pscudo- 
podu,  to  which  Dajardin  applied  the  name  of  tarcod€, 
iriiidi  the  Rhizopods  can  project  from  their  surface  into  the 
tnmmoding  medium,  and  ^ain  nritb- 
dra*  into  their  substance,  oonuBt  of  I 
pratoplasm,  and  may  be  cited  as  fur- 
uiihing  exceQcnt  examples  of  its 
motiTe  and  contractile  power.  From  I 
the  recent  reseaiches  of  Haeckel  it  I 
*uatd  appear  that  protoplasm  is  I 
txpMit  at  forming,  without  the  super-  | 
addition  erf  any  other  stmcture,  inde-  **Ji,^~ 
pendent  organisms,  which  stand  at  >''"°^ 
t^  lowest  grade  of  organisation,  and  from  their  extreme 
tiai[Jidty  are  named  by  him  Monera  (Fig.  25).  To  the 
group  Monera  belong  the  genera  Protamceba,  Protogenef , 
ud  Bathybiiu.  Of  these,  Bathybius  is  that  which  hatt 
attracted  most  attention.  It  has  been  regarded  as  a  layer 
of  toft  slimy  nndifferentiated  protoplasm  covering  the 
bottom  of  the  deep  sea,  and  capable  of  exhibiting  the 
phenomena  of  contntctilitj,  growth,  assimilation  of  food, 
ud  reproduction.  Doubts,  however,  have  been  expressed 
n^piding  the  nature  of  this  Bathybins,  so  that  it  can- 
not now  be  dted  as  so  definite  an  organism  as  the 
freely ■awimming  Protamceba  and  Protogenes.  Haeckel 
has  referred  these  simple  organisms  to  a  sub-ldngdotn  of 
PlOTUTJi,  which  he  coosidera  to  lie  on  the  confinee  of 
bcth  the  animal  and  Tegetable  kingdoms.  To  a  mass  of 
IKOtoptaam,  whether  it  forms,  as  in  one  of  these  Pbotista, 
u  independent  organiuu,  or  is  merely  a  portion  of  the 
nfaMaace  of  the  body  of  a  higher  organism,  Haeckel  has 
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given  tlic  general  name  of  a  Oylode.  Sometimes  n  cytnile 
is  ii  nalieJ  clumii  of  soft  [iroto|il.isni,  witliout  a  trace  tif 
(liffeitntiatioii  either  on  its  surfaoe  or  in  its  sii  list  mite,  as 
ill  tlie  frei;lj--iiuiviiig  Moueni ;  at  others  the  jieriiihcral 
part  of  tbe  eytode  havdeu:',  and  differeiitiatea  into  a  niort 
or  less  perfect  euvelope,  ax  ia  the  genem  Protomoiias  aud 
ProtoiHj-sa.  So  far  Iwck  as  1801,  Lionel  l!ea!e  had  de- 
scribe.!, under  the  name  of  ffi'iiulnal  mallfr  (Bii-flo^i), 
minute  living  jiartifles  of  vegetable  i)rotuiila>m,  and  in 
lxi'.;i  he  demonstrated  the  jiresunce  of  extremely  minute 
liiirtieli'B  of  living  nuitter  in  the  Wood.  More  recently 
SIrieVcr  h;is  idso  railed  attention,  in  the  Ixwlies  of  the 
hiijher  animals,  to  minute  detached  cluni|w  of  i>roto]iWiii 
wliieh  exhibited  the  phenomena  (>f  life. 

Art  a  rule,  however,  in  both  vegetable  and  animal 
e  speclia  or  clumps  of  i>roto|ila.iiii  assuuLe 
deliliite  Bll.'il>es.  and  show  evidenee  of  an 
internal  ditferentiution.  In  the  midst  of  a 
I  minute  ehuiii>  of  tliia  Hubslance  a  sharply- 
iltfincd  body  called  a  iinrleiig  is  found, 
which  differs  fnim  the  surrounding  proto- 
plasiu  in  not  being  eontnictile ;  and  some- 
times a  mimite  speck,  or  nmle-liiii,  exists 
within  the  nucleus.  Uhen  a  definite  clump 
'  'r'i.n!i'~ni''"'in?  "^  protoplasui  contains  a  nucleus  in  its  in- 
v™!'|1/»m'"ct'i'-  terior,  whether  a  nucleolus  lie  present  iir 
mlT:!'"kJl-  ""^t.  it  is  f"l'"'  "  Kucleatc>d  Cell  (Fig. 
''*'"""■  L'C').     Cells    are    definite   anatomical    and 

(ihysiological  units,  and  exliibit  all  the  ]>l)enomena  of 
life.  Some  of  the  lowest  organisms  consist  merely  of  a 
single  cell,  others  of  two  or  jnore  cells  united  together. 
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•nd  these  are  called  niii-  or  mnlti-cellalar  oiganisms. 
Cells  also  enter  in  the  meet  material  manner  into  the 
oonstitation  of  the  teztores  of  all  the  higher  forms  of 
plants  and  animala  Not  nnfreqnently  the  peripheral 
part  of  the  protoplasm  of  the  cell  differentiates  into  a 
distinct  inresting  enrelope,  technically  named  a  cell  wall 
a  cell  wtembroAet 

In  the  earlier  periods  of  investigation  into  the  minute 
stractore  of  cells  it  was  beliered  that  a  cell  wall  was  con- 
stantly present,  and  that  each  cell  was  a  minute  micro- 
scopic Teside  or  bladder,  which  in  its  typical  shape  was 
g^obolar  or  oroid,  but  capable  of  undergoing  various  modi- 
lieataons  both  in  form  and  chemical  composition.  The 
material  endoaed  by  the  cell  wall  was  termed  the  cell  con- 
tmU,  and  either  in  the  midst  of  these  contents  or  in  con- 
tact with  tiie  cell  wall  was  the  nucleus,  which  might  or  might 
not  contain  a  nucleolus.  Schwann  beHeved  that  the  cell 
wall  was  the  most  active  constituent  of  the  cell,  i«.,  pos- 
sessed the  power  not  only  of  producing  chemical  and 
phyaieal  changes  in  its  own  substance  and  in  the  cell 
cootoitB,  but  of  separating  materials  from  the  surrounding 
media,—- of  secreting  them,  as  it  were,  into  the  interior  of 
the  odL  In  this  manner  he  accounted  for  the  formation 
in  some  ceils  of  fat,  in  others  of  pigment,  in  others  of  the 
diazaeieristie  secretion  of  glands,  and  so  on. 

It  was  then  maintained  by  John  Gkxxisir  that  the 
nodeas  was  the  part  of  a  cell  which  in  all  probability  was 
coneenied  in  separating  and  preparing  its  characteristic 
obD  contents,  and  in  its  nutrition.  Martin  Barry  and 
GkxMlsir  abo  contended  that  the  reproduction  and  multi- 
pUealion  of  cells  were  due  to  self-division  of  the  nudeus, 
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which  was  thus  the  source  of  successive  broods  of  youn:^ 
cells.  They  gave  to  the  nucleus,  therefore,  an  importance 
in  the  economy  of  the  cell  greater  than  had  previously 
been  assigned  to  it. 

As  the  investigations  into  cell  structure  became  more 
extended,  it  was  ascertained  that  a  cell  wall  was  by  no 
means  always  present;  that  in  many  of  the  cells  in  which 
it  had  been  sup]K>sed  to  exi>t  it  could  not  satisfactorily  be 
demonstrated,  and  that  in  others,  more  especially  in  youni: 
actively-growing  cells,  no  trace  of  an  investing  envelope 
could  be  observed.  Hence  the  importance  of  the  cell  wall  as 
an  essential  component  of  a  cell  was  still  further  diminished ; 
and  Leydig  then  defined  a  cell  to  be  a  little  mass  composed 
of  a  soft  substance  enclosing  a  central  nuc^.eus. 

r>ut  a  most  important  advance  in  our  conceptions 
of  the  essential  structure  of  a  cell  was  made  when 
Briicke  pointed  out  that  the  contents  of  cells  not  unfre- 
quently  possessed  the  pr(>])erty  of  spontaneous  move- 
ment and  contractility,  and  when  Max  Schultzc  deter- 
mined that  the  contractile  substance  termed  sarrode, 
which  forms  so  large  a  part  of  the  bodies  of  the  lower 
animals,  was  anah^gous  and  apparently  homoh^irous  with 
the  contents  of  young  actively-growing  animal  and  vege- 
table cells,  l)efore  a  ditfcrentiation  of  these  contents  into 
special  secretions  or  other  materials  had  taken  place.  As 
the  term  "  jirotoplasm"  had  been  introduced  by  Von  ^fuhl 
to  ex])ress  the  contents  of  the  vegetable  cell,  which  umlor- 
goes  changes  in  the  process  of  growth,  it  was  adopted  by 
the  animal  histologist ;  and  Max  Schultze  suggested 
that  a  cell  should  be  defined  to  be  a  nucleated  mass 
of    prutoplasm, — a    definition  which    is    adopted   in   this 
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book.  K^ow,  aa  prutoplaam,  whether  it  occnra  along  with 
ft  DOcleOB  in  the  fonn  of  a  cell,  or  in  independent  clnmpfl 
or  cjtodea,  exhihits  not  merely  the  property  of  contnc- 
tility,  bat  the  power  ti  growing  and  maintaining  itself,  it 
ii  regmrded  as  the  fonctionally  actire  conatitiient  of  the 
eelL  And  thtu  onr  conceptions  as  to  the  part  of  the  cell 
in  which  its  functional  actirity  Teaidea  hare  paaaed  through 
thraephaaea.  In  the  firat,  the  cell  wall;  in  the  second,  the 
ascleoa ;  in  the  third,  thv  protoplasm  cell  contente,  or  cell 
nibataace,  has  been  looked  upon  as  the  active  constitnent, 
not  only  aa  r^arda  ita  nntrition,  bat  ihe  reprodnction  tf 
yoiue  eella.  Bat  though  the  protoplaam  can  of  itaelf 
perionn  these  offices,  yet  there  can  be  no  donbt,  as  Bany 
and  Goodsir  were  the  Gnt  to  show,  that  the  nuclena  of  the 
wU  plays  a  part  not  nnfreqnently  in  the  mnltiplication  of 
edls  by  self-diriflion. 

One  of  the  most  charactemtic  ceDs  is  the  mammalian 
Oram.  In  it  a  eel!  wall  exists,  known 
aa  the  loma  ptUadda  or  vitelline  I 
meiubiane  ;  within  this  envelope  is  I 
the  granalar  yelk  or  cell  contents,  I 
in  the  midst  of  which  is  imbedded 
the  anclens  at  germinal  vaieU,  which   ' 
in  its  tnm    contains  the  nndeolns 
or  germinal  tpU.     The  gnwnlee  of 
the  ydk  are  a  special  metamorphosis     «-  iniini: 
of  the  protoplasm  cell  snbetance. 

Schwann  made  the  important  generalisation  that  the 
tManea  of  the  ■"■■"nl  body  are  composed  of  cells,  or  of 
Batnials  derived  from  cells,  "  that  there  is  one  nniveiKal 
pciadple  <rf    develoi»nent    for    the   elementary  part    of 
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organisms,  however  different,  and  that  this  pnnciple  is 
the  fonnation  of  cells."  The  o\iiin  is  the  primordial  or 
fundamental  cell,  or  genn-cell,  from  which,  after  being 
fertilised  by  the  male  spenn,  the  tissues  and  organs  of 
the  animal  body  are  derived.  Within  the  fertilised 
onim  nudtiplication  of  cells  takes  place  with  great 
rapidity.  It  is  as  yet  an  unsettled  question  how  far  the 
original  nucleus  of  the  ovum  participates  in  this  i>r(Kess 
of  multiplication  ;  but  there  can  be  no  doubt  that  the 
protoplasm  cell  contents  divide,  first  into  two,  then  four, 
then  eight,  then  sixteen  segments,  and  so  on  in  nmltiple 
proportion.  Each  of  these  segments  of  pmtoplasm  con- 
tains a  nucleus — is,  in  short,  a  nucleated  cell,  and  the 
protoplasm  of  these  cells  exhibits  the  property  of  con- 
tractility. The  ovmn  or  germ-cell  is  therefore  the  imme- 
diate parent  of  all  the  new  cells  which  are  formed  "within 
it,  and  mediately  it  is  the  parent  of  all  the  cells  which, 
in  the  subsequent  processes  of  development  and  growth, 
are  descended  from  those  ])roduced  by  the  segmentation 
of  the  yelk.  The  process  of  development  (»f  young  cells 
within  a  parent  cell,  whether  it  occurs  in  the  ovum  or  in 
a  cell  derived  by  descent  from  the  ovum,  is  called  the 
endor/mons  repHnluction  of  cells.  Ihit  cells  may  nmltij»ly 
by  a  i>rocess  of  jhsvm — ?>.,  a  constriction,  gradually  deej>- 
ening,  may  take  j>lace  in  a  cell  until  it  is  subdivided  into 
two ;  the  nucleus  at  the  same  time  participating  in  the 
constriction  and  subdivision.  A  third  mode  of  midtipli- 
cation  of  cells  is  by  hmliJinfj :  little  clumps  of  protoplasm 
bud  out  fnmi  the  pn)topla^m  of  the  j)arent  cell,  become 
detached,  and  assume  an  indei>endent  vitality.  If  a 
nucleus  differentiates  in  the  interior  of  such  a  clump,  it 
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beoojnes  a  cell ;  if  it  renudns  as  a  mere  clump  of  proto- 
plasm, it  iaacyiode. 

These  various  methods  of  multiplication  are  all  con- 
ibmatory  of  Schwami's  generalisation  of  the  descent  or 
deriyatioD  of  cells  from  pre-eziBting  ceUs.  But  as  the 
mdeated  cell,  either  with  or  without  a  cell  wall,  is  not,  in 
the  present  state  of  science,  regarded  as  the  simplest  and 
most  elementarj  unit  capable  of  exhibiting  vital  pheno 
maia,  and  as  these  phenomena  can  be  displayed  by  indi 
vidoal  chimps  of  protoplasm,  without  the  presence  of  a 
mieleos^  some  modification  of  the  doctrine,  as  r^ards  the 
fonnation  of  the  tissues  from  nucleated  cells,  seems  to  be 
naoesaary.  Por,  although  there  can  be  no  doubt  that  all 
the  tisBues  axe  mediately  derived  from  the  ovum  or  funda- 
mental cell,  and  that  most  of  the  tissues  are  derived 
directly  from  nucleated  cells,  yet  there  is  reason  to  think 
that  a  differentiation  of  a  cytode  clump  of  protoplasm  into 
tiasoe  may  take  place,  so  that  the  direct  formation  of  such 
a  tiasae  would  be,  not  from  a  nucleated  oeU,  but  from  the 
more  simple  cytode.  Hence  a  more  comprehensive  gene- 
raKaatioii,  to  which  observers  have  gradually  been  led 
from  the  consideration  of  numerous  facts,  has  now  been 
airived  at, — that  the  tissues  and  organs  of  the  body,  what- 
ever may  be  their  fonn  and  composition,  are  formed  of 
protoplasm,  or  produced  by  its  differentiation;  and  that 
the  protoplasm  itself  is  derived  by  descent  from  the  proto- 
plasm Bubstanoe  of  the  primordial  germ-celL  Some,  in- 
deed, have  contended  that  protoplasm,  cells,  and  their 
derivatives  can  arise  by  a  process  .of  precipitation  or 
aggregation  of  minute  particles  or  molecules  in  an  or- 
gudc  infusion,  and  that  living  matter  may  be  thus  spon- 
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taneously  generated.  But  the  evidence  which  has 
been  advanced  in  support  of  this  hypothesis  is  by  no 
means  satisfacton'  or  conehisive,  whilst  the  correctness 
of  tlie  theory  of  the  direct  descent  of  protopLism  from 
pre-e-xisting  living  protoplasm  is  supported  by  tliou- 
sands  of  observations  made  by  the  most  competent  in- 
"piirers. 

In  the  process  of  conversion  of  protoplasm  into  th^ 
s'jv(M"al  tissues,  a  diflerentiation  of  form  and  structure 
(i.e.,  a  morphological  or  histok)gical  differentiation),  and 
of  composition  (i.e.,  a  chemical  differentiation)  takes  j»lace, 
tlie  result  of  wliich  is  a  physiological  differentiation,  and 
the  tissues  and  organs  become  adaj)ted  to  the  j>erfoniiance 
of  special  functions.  Hence  arise  the  several  forms  of 
tissue  which  occur  in  the  human  body  and  in  the  higher 
animals.  Many  of  the  tissues  consist  exclusively  of  cells, 
which  present  in  different  parts  of  the  Ixxly  characteristic 
inodificationa  in  external  configumtion,  m  com]H)sition, 
and  in  properties,  as  may  be  seen  in  the  fatty  tissue,  pig- 
mentar}'  tissue,  and  ejuthelium.  Other  tisMies,  again, 
ronsist  partly  of  cells,  and  partly  of  an  intermediate 
material  which  separates  the  constituent  cells  from  each 
<»ther.  Here  also  the  cells  ]>resent  various  moditications ; 
and  the  intermediate  material,  termed  the  m'ttrix  or 
i/ffrrrc/hfhfr  suhsfant'e,  varies  in  structure,  in  composi- 
tion, and  in  properties  in  the  different  textures,  as  is 
seen  in  the  connective,  cartilaginnns,  osseous,  and  muscu- 
lar tissues. 

It  is  not  an  easy  matter  to  de^^se  a  classification  of 
the  tissues,  based  on  tlieir  structural  characters,  which 
shall    be    in    all    respects    logically   j^erfect ;    but    a   con- 
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venient  basis  of  airangement  for  descriptive  purposes 
maj  be  found  bj  dividing  them  into  those  which  con- 
sist—  Ist,  of  cells  suspended  in  fluids;  2dy  of  cells 
I^aced  on  free  surfaces;   3d,  of  cells  imbedded  in  solid 


FIRST  GROUP    OF    TISSUES. 

CeLUS  SU8PEin>ED  IK  FLUIDS. 

The  fluids  of  the  body  which  have  cells  or  other  minute 
solid  particles  suspended  in  them  are  the  blood,  the  lymph, 
and  the  chyle.  Sometimes  cells  are  found  floating  in  the 
secietioiis  of  glands. 

The  Blood. 

The  blood  is  the  well-known  red  fluid  which  circulates 
thrtrnghont  the  blood-vascular  system.  As  its  general 
oompoeitiim  and  properties  have  to  be  considered  in 
physiological  rather  than  anatomical  works,  the  solid 
particles  only,  which  are  suspended  in  the  liquor  sanguinis, 
viD  be  described  herei  If  a  drop  of  human  blood  be 
mmiinfd  under  the  microscope,  crowds  of  minute  bodies, 
the  Uood  oorposdes,  or  blood  globules,  may  be  seen  in  it. 
Tlieee  present  two  different  appearances,  and  are  dis- 
tingnishfid  by  the  names  of  red  and  white  blood  corpuscles. 

The  red  ccrpMcles^  which  are  by  far  the  more  numerous, 
are  minute  circular  discs,  slightly  concave  on  both  surfaces. 
Tb^  average  diameter  is  about  yvVit^  ^^  ^^  ^^>  ^^^ 
their  thicknesa  about  }th  of  that  measurement;  hence  they 
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are  not  spheres,  as  the  oUl  name  blooJ  gh.)bules  would  imply. 
They  are  nijn-nucluated.  Single  corpUNcles  have  a  faint 
fawn-c<iloured  hue,  but  collectively  they  give  to  the  bluod 
its  chiinicteri.stic  red  coluur.  This  colour  is  due  to  the 
]»resence  in  the  corpuscles  of  the  substance  termed 
l(*i^uv>'it<ihiit.  It  has  been  estimated  bv  Vierurdt  and 
Welcker  that  5,001  ),0(J0  red  corpuscles  are  present  in 
every  cubic  millimetre  of  healthv  human  bhxHl.  The 
red  corpuscles  in  the  bk)od  of  all  mammals,  except  the 
tribe  of  camels,  are  circular  bi-concave  discs  ;  but  in  these 
exceptional  mammals  they  have  an  elliptical  outline.  In 
all  mammals  the  red  corpuscles  are  non-nucleated,  though 
appearances  of  nucleation  have  been  seen  in  exception;il 
individual  cases;  for  Rolleston  saw  a  nucleate<l  ai»pearance 
in  a  small  proportion  of  the  dried  red  blotnl  corimsclcs  of 
a  two-toed  shith ;  and  I  have  observed  in  a  proportion  of 
the  red  blood  discs  of  a  Hoft'mann's  sloth  an  appearance 
of  a  central  nucleus. 

In  all  birds,  reptiles,  and  amphibia  the  red  corpuscles 
are  oval  or  elliptical,  and  in  each  corpuscle  an  oval  or 
elliptical  nucleus  is  situated.  In  all  fishes  they  are  nu- 
cleated and  also  elliptical  in  form,  excei>t  in  some  of  the 
Cyclostomata,  which  possess  circular  discs.  In  the  ellip- 
tical nucleated  corpuscles  the  surfaces  are  not  biconcave, 
but  have  central  ]>rojections,  which  correspond  in  position 
to  the  nucleus  (2,  4,  5,  Fig.  2S).  The  red  cor[mscles 
vary  materially  in  size  in  ditierent  verteln-ata,  and  these 
variations  have  been  es]>ecially  studied  l»y  Gulliver. 
He  hiis  found  them  to  vaiy  in  mammals  from  an  average 
<lianieter  of  Qyj j^^^  ^^  ^"  i"^^^  i"  ^^^  elephant,  and  ^yVv^^ 
in   Orycteropus  capmsisy  to  y^Jnjth  in    Trarfuhis  Juvani- 
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nuy  and  he  concludes  that  the  smallest  blood  discs  occur 
in  the  small  species  of  an  order  or  family,  the  largest 
in  the  large  species. 

cPo 


In    biids    they  are 

kiger  than  in  mam- 

malsy    and    vary   in 

length  from  an  ave-  i  33 

rige  ci  TiVr  u^ch  in 

Coiuarivs  JavatUcua 

to  TtVr^  ^  Linaria 
wumor.  In  reptiles 
they  are  still  larger, 

and    Tary  in    length  Frc.  Sa.— 1,  red  eorinucles  of  human  blot^l ;  S,  red 

. -      corpiiBclei  of  blood  of  common  fowl,  leen  on 

irom    an   average   of      the  mrfacebnd  edgeways;  a,  red  corposclet  of 

,      ^,        .  .  'roir;  4,  of  SqmalwM  ifuatma;    fi.    of   lopMMS 

W^tn      in     AnffUti     yiteaterHu;  t,  oorpnadee  of  the  blood  of  a  mot- 

piott. 

fragilu  to  TiVr^^  ^ 

Lactria  virtdtM.  In  amphibia  the  largest  corpuscles,  accord- 
ing to  OnlliYer,  are  abont  ^^  inch  in  length  in  Proteus  and 
Sirof^  though  Riddell  states  that  in  Amphiuma  tridactylum 
they  are  ^  larger ;  whilst  the  smallest,  as  in  the  common 
frog^  arerage  in  length  xtVt  ^^  ^^  cartilaginous  fish 
the  oorpusdes  are  larger  than  in  osseous.  In  Lamna  cor- 
nMea  GuIHtct  found  their  long  diameter  to  be  ^^  inch  ; 
vhile  in  the  Sahnonidae,  which  have  the  largest  blood  discs 
among  oeseous  fish,  the  long  diameter  in  the  salmon  and 
oommon  trout  is  only  about  y^i^  inch. 

The  ^Mu  or  colourless  corpuscles  are  comparatively  few 
in  number  in  the  healthy  human  blood.  Welcker  has 
estimated  the  nc»mal  relative  number  as  one  white  to 
3i35  red ;  in  pregnant  and  menstruating  women  the  pro- 
poctioin  is  increased  to  about  1  to  280.     In  some  forms  of 
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disease  the  proportion  is  so  very  materially  iiicrease<i  that 
they  appear  to  be  almost  as  numerous  as  the  red.  Tliey 
are  rounded  in  f<»rm,  finely  granulated  or  mulberr}'-like  in 
ai>pearance,  and  nucleated — the  nucleus  becoming  more 
distinct  after  the  addition  of  acetic  acid ;  moreover,  they 
are  larger  than  the  red  corpuscles,  their  average  diameter 
being  from  ^^Vtj^^^  ^^  sAij^l^  of  an  inch.  Curpuscles  of 
a  similar  form  are  found  in  the  blood  of  all  vertebrata. 
They  do  not  vary  so  much  in  size  in  different  animals  as 
do  the  red  corpuscles.  In  Tnt<m,  according  to  Gul- 
liver, their  average  diameter  is  ooVi^^h,  whilst  in  Ifrrp^.iffiM 
i/n'.s'ffts  they  are  ni>t  more  than  g^Vg"  i"ch.  The  white 
blood  corpuscles  are  ininutc  nucleated  clumps  of  proto- 
plasm ;  they  are  therefore  minute  cells.  It  is  ver}'  doubt- 
ful if  they  possess  a  cell  wall,  the  evidence  being  against 
rather  than  in  favour  of  its  ]>resence. 

The  red  blood  corpuscles  in  all  vertebrata,  except  the 
mannnalia,  are  nucleated  clumjis  of  ]jroto])lasm  ;  they  are 
therefore  minute  cells.  In  mannnals,  owing  to  the  ab- 
sence of  a  nucleus,  thev  do  not  accord  with  the  definition 
of  a  cell  given  on  p.  110,  and  they  are  not  therefore 
morphologically  identical  with  the  red  corpuscles  in  other 
vertebrates.  What  their  precise  ]iomoh»i:rv  mav  be  is  some- 
what  difficult  to  say,  owing  to  the  obscurity  which  prevails 
as  to  their  exact  origin.  If  they  are  merely  clumps  of 
specially  modified  protoplasm,  budded  off  from  the  white 
corpuscles,  then  they  are  cytodes.  If,  as  some  have  sup- 
posed, they  are  the  nuclei  of  the  white  corpuscles,  sj>ecially 
modified  in  com]»osition,  then  they  are  free  nuclei.  If, 
again,  they  are  the  white  corpuscles,  the  cell  substance  of 
which  has  undergone    a  special  differentiation,   and  the 
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Bodciu  has  diaappeaiedy  then  they  are  potentially  cells, 
though  no  nndena  ia  riaible.  Whatever  may  be  their  exact 
hoiDoIogjy  there  can  be  no  donbt  that  the  non-nucleated 
mammalian  red  corpnade,  and  the  subetance  of  the  nn- 
deated  red  corpuscle  which  lies  outside  the  nndeus,  are 
functionally  identical  with  each  other;  the  protoplasm  hav- 
ing undergone  a  special  chemical  differentiation  into  haomo. 
^obin,  a  proximate  principle  characterised  by  containing 
iron  as  its  essential  constituent.  The  action  of  water, 
^Hiity  adds,  alkalies,  various  gases,  heat,  cold,  and  dectri- 
csl  currents,  on  the  red  oorpnsdes  has  been  studied  by 
•evenl  observers,  and  the  conclusion  has  been  reached  that 
the  corpuscles  consist  of  a  "stroma,"  with  which  the 
ookmring  matter  ia  blended,  but  from  which  it  may  be 
■eparated  without  the  stroma  affording  any  evidence  of  the 
presence  of  an  investing  envelope  or  membrane.  When 
blood  is  drawn  from  the  vessels  the  red  corpuscles,  in  about 
half  a  minnte,  run  together  into  piles,  like  rouleaux  of  coins 
(fig.  29),  which  arrange  themselves  into  irregular  meshes. 
In  inflammatory  diseases,  and  in  the  blood  of  pregnant 
wiMnen,  the  piles  of  corpusdes  form  more  readily,  and  at 
the  same  time  sink  rapidly  bdow  the  surface  of  the  fluid, 
so  as  to  cause  the  "buffy  coat"  seen  in  the  blood  coagulum. 
In  the  healthy  blood  of  horses  a  buffy  coat  is  formed  as  a 
natural  condition  of  the  coagulation. 

One  of  the  most  curious  properties  possessed  by  the 
living  white  blood  corpuscle  is  that  of  protruding  delicate 
proecsacs  from  its  circumference,  which  processes  may 
diange  their  shape,  or  be  again  withdrawn  into  the  sub- 
stance of  the  corpuscle,  which  then  resumes  its  former 
circnlar  outline     These  processes  resemble  the  sarcode 
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prulungatioiiii  which  Am'rh.i  and  other  Rbizupnils  can  jirii- 
JL'ct  friiin  Viirious  j.arts  of  thoir  cireumfuruuce  (Fig.  i;.i) ; 
ami  ns  a  wliitu  l.l."„l  cnrpusdu,  likt  an  ,^ -ii-'/.-f.  I'au  by  iht 
miivemuiits  cif  ihe  proce^sfs  dianyo  its  ]H)situm,  the  tt-nii 
"iii]iii;l".iii  nuivuiiieiiU"  lias  bfcii  ajuiliiid  to  tlio  ]iheno- 
mena  m  .jui/stioii.  Liku  an  Am:'/«i,  also,  a  ivhitt  cur[ju.-i-lc 
can  by  tlii^se  niovuineiit^  iucluilo  witliiu  its  substance 
minute  jiartieliis  of  solid  matter  which  it  may  cuine  in 


contact  witli  ill  its  I'atli.  Thirty  years  a-o  W.  Addison 
stated  that  tlic  wintK  blood  coriniiclcs  could  [lass  through 
the  walls  of  tliu  blood- vessels  iiiti.i  the  surrounding  tiwue. 
where  thoy  fornii'd  mucus  corjuiselcs,  and,  under  certain 
pathiiloLiical  conditions,  the  corpttscles  of  jnis  or  iuflani- 
mati>ry  lyniiih.  The  jiiissa^'u  of  white  blood  corjuiscjes 
throiigli  thi:  wall  of  the  cajiillaries  was  seen  in  1846  by 
A.  Waller ;  and  though  for  many  years  his  observations 
werti  igL.irod,  yet  t!ic  more  recent  iiuiuiries  of  Cohnheim 
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and  otkeis  into  the  imbject  liave  anew  directed  attention 
to  them.  It  is  now  generally  admitted  that  the  migration 
uf  these  oorpnacles  from  the  blood  through  the  wall  of  the 
eapiUaries  into  the  tisBues  does  take  place,  and  that  they 
may  then  **  wander''  to  and  fro,  owing  to  the  mobility  of 
their  contractile  protoplasm.  These  migrated  corpuscles 
are  also  believed  to  play  an  important  part  in  many 
physiological  and  pathological  processes. 

Bat  the  blood  contains,  in  addition  to  the  red  ai)d  white 
corpuscles,  still  more  minute  particles,  which  are,  however, 
inconstant  in  number.  Minute  globules  have  been  de- 
scribed by  Beale  and  Max  Schultze,  which  are  probably 
detached  fragments  of  protoplasm  budded  off  from  the 
white  corpuscles;  and  Zimmennann  has  described,  as 
elementary  corpuscles,  minute  particles,  which  are  appar- 
ently derived  from  broken-up  red  oorpusdes. 

In  the  veiy  young  embryo  the  blood  corpuscles,  like 
the  captUary  blood-vessels  themselves,  are  formed  by  special 
differentiation  of  the  mesoblast  cells  of  the  vascular  area, 
the  nuclei  of  which  multiply  by  fission  and  form  the  em- 
hiyonic  blood  corpuscles,  which  at  first  are  colourless,  but 
afterwards  assume  a  red  colour.  In  mammals  the  earliest 
red  blood  corpuscles  are  nucleated  and  larger  than  the  future 
fed  discs,  but  as  development  goes  on,  non-nucleated  red 
coqioscleB  appear,  and  as  their  number  increases,  both 
absohitely  and  relatively  with  the  progress  of  the  foetus,  in 
coarse  of  time  all  the  nucleated  red  corpuscles  have  dis- 
qipearad,  and  are  replaced  by  the  non-nucleated  discs.  In 
■doha  the  red  corpuscles  are  believed  to  be  derived  from 
the  white  corpusdea,  though  the  exact  process  of  meta- 
moiphosis  has  not  been  satisfactorily  ascertained.    It  is 
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also  believed  that  re^l  curpu^icles  may  be  ncw-furincd  in  tlio 
spleen,  and  Xeuinauu  has  recently  stated  that  the  cells  of  tlu* 
red  marrow  of  the  bones  may  serve  as  a  centre  of  origin  for 
the  red  blood  corpuscles.  In  the  fcetus  the  liver  aj>parontly 
serves  as  a  centre  of  origin  for  the  white  c«)rpuscles,  but  its 
blood  cori)Uscle  forming  function  cea^^es  at  tlie  time  of 
birth.  Throughout  extra-uterine  life  the  spleen  and  the 
lymphatic  glands  are  without  doubt  organs  of  ft>rmatii>n 
of  the  colourless  corpuscles, — those  produced  in  the  lyin]>h- 
atic  glands,  under  the  name  of  lymph  corpusi-les,  V>cing 
mingled  with  the  blood-streim  where  tlie  fluid  lymph  il>»ws 
into  the  venous  svstem.  When  mixud  with  the  ]»li>"  1.  the 
lymi^h  corpuscles  become  the  white  blood  cor[)U>cles. 

(.'orpuscles  are  also  foimd  in  the  blood  of  the  inverte- 
brata.  They  are  as  a  rule  colourless,  but  R.  Wagner 
pointed  out  that  in  the  Ceiihalo[>o«ls  tliry  are  coloure  1. 
TheV  are  sonuitimes  round,  at  others  oval  or  fu>ifonn,  ami 
in  worms  and  insects  have  even  branched  proce.>se3.  Thev 
are  always  nucleated. 


Tm:  LvMiMi  and  Chyle. 

The  lymph  is  the  Ihiid  f(»und  in  a  subdivision  of  the 
vascular  svstem  named  the  Ivnii)]!  vascular  sv>tjm.  It  i> 
transparent  and  colourless,  anl  ontains  numer<ms  cor- 
puseh's  iloating  in  it,  wliich  corres]>ond,  in  aj^pearance, 
structure,  and  the  p  )Ssession  of  the  pr(»i»erty  of  aina'boid 
movements,  to  the  white  corpuscles  of  tlie  blood.  The 
lympli  corpuscles  are  formed  in  tlie  irlands  situated  in  the 
c  »urse  of  the  lymph  ve»e]s,  and  are  carried  away  from  the 
glands  by  the  stream  of  ly.iij.h  which  flows  through  them. 
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The  chyle  is  a  milky  fluid  f omul  dniing  the  period  of 
digestion  in  the  delicate  lacteal  vessels  which  pass  from  the 
waUs  of  the  intestine^  The  lacteals  join  the  lymphatics  at 
the  back  of  the  abdomen  to  fonn  the  thoracic  dact  in 
vhich  the  lymph  and  chyle  become  mingled  together.  The 
chyle  contains  corpuscles  similar  to  the  lymph  corpuscles, 
vhich  are  ^patently  derived  from  the  lymph  glands  in 
the  mesentery,  thzoogh  which  the  chyle  flows  on  its  way  to 
the  thondc  duct.  The  fluid  of  the  lymph,  the  chyle,  and 
the  blood,  in  which  the  coTpusdes  are  suspended,  is  some- 
times described  as  a  fluid  intercellular  substance.  Cor- 
puscles possessing  the  type  of  structure  of  the  lymph 
corposclesy  are  named  lymphoid  cells  or  leucocytes. 

Cells  are  also  met  with  floating  free  in  the  secretions 
farmed  in  the  interior  of  some  of  the  glands.  They  are 
more  particularly  found  in  the  secretion  of  mucus  from 
the  mucous  glanHnj  and  of  saliva  from  the  salivary  glands 
(flg.  33,  B).  They  are  round,  colourless,  nucleated  cor- 
poacles,  and  are  not  unlike  the  white  corpuscles  of  the 
blood. 


SECOND  GBOUP  OF  TISSUES. 

Cells  placed  on  Free  Susfacbs. 

By  the  term  Free  Surface  is  meant  a  surface  which  is  not 
bloMled  with  or  attached  to  adjacent  structures,  but  is  free 
or  separable  from  them  without  dissection.  Every  free 
smfaoe  is  covered  by  one  or  more  layers  of  cells.  It  has 
been  customary  to  name  these  cells  Epithelium,  and  to 
speak  of  a  nmple  or  a  draiified  epithelium,  according  as 
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the  cells  are  an-ans'ed  in  one  or  in  several  layers.  But  it 
lias  recently  been  suggested  by  His  that  the  cells  lining  the 
inner  surface  of  the  wall  of  the  vascular  and  serous  canals 
and  cavities  should  be  termed  Endothelium,  whilst  the  cells 
covering  the  mucous  surfaces  should  form  the  E|>ithelium 
pr()})erly  so-called.  The  cells  situated  on  the  free  surface 
of  the  skin,  though  usually  termed  the  ei)idermis  or  cuticle, 
may  also  be  referred  to  the  epithelial  structures.  Sjx-ak- 
ing  generally,  one  may  say  that  by  the  tenn  Ej)ithelium  is 
meant  the  cells  situated  on  free  surfaces  which  are  ex}h>Sfd 
cither  directly  or  indirectly  to  the  air;  wliilst  by  the  term 
Endothelium  is  meant  the  cells  situated  on  free  surfaces 
which  are  not  exin>scd  either  directly  or  indirectly  to  the 
air. 

EPITnF.LU'M. 

The  free  surfaces  covered  by  an  epithelium  are  the  mem- 
1>rancs,  named,  from  the  character  of  their  secretion, 
the  muc<ms  membranes,  and  the  skhi. 

The  Mucous  Memlmuies  line  internal  {passages  and  canals, 
and  are  ct»ntiiiuous  at  certain  orifices  with  the  skin, — t\q., 
the  nuicous  membrane  of  the  alimentary  canal  opens  on  the 
surface  at  the  mouth  and  anus;  the  nuu'ous  mend.>i-ane  of 
tlie  respimtory  passage  opens  on  the  surface  at  the  nostrils, 
and  is  continuous  in  the  pharynx  with  the  alimentarj' 
uuu'ous  membrane — it  is  also  prolonged  thn)Ugh  the  Eusta- 
chian tube  into  the  tym])anum,and  is  continuous  through  the 
nasal  duct  with  the  conjunctiva;  the  gcnito-urinary  mucous 
meml)rane  opens  on  the  surface  at  the  oritice  of  the  urethra 
and  vagina.  Mucous  membranes  also  line  the  ducts  of  the 
various  glands  which  oi)cn  on  the  surface  either  of  the  skin 
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or  the  aefvenil  muoous  canals.  The  epithelial  ceDs  are  as 
a  rule  ananged  in  layera  or  strata^  and  the  shape  of  the 
cells  is  b J  no  means  nnif oim  in  the  different  layen.  The 
odls  of  the  deeper  stzata  are  nsoally  smaller,  softer^  more 
rounded,  and  more  recently  f  onned  than  those  of  the  saper- 
ficial  strata,  though  sometimes,  as  in  the  bladder,  conjimc- 
tivsLy  and  some  other  mnoons  soif  aces,  they  may  be  irregolar 
in  form  and  size,  or  even  elongated  into  short  columns. 
The  cells  next  the  fiee  snifaoe  have  a  tendency  to  be  shed, 
and  their  place  is  then  taken  by  the  ceDs  of  the  deeper 
layers,  which  become  modified  in  form  as  they  approach 
the  surf aoa  The  form  of  the  cells  of  the  superficial  layer 
Tsries  in  different  localities,  which  has  led  to  a  division  of 
epithelium  into  groups  bearing  appropriate  names.  Epithe- 
lium is  distinguished  further  by  being  devoid  of  blood- 
vessels, «.«.,  it  is  non-vascular;  and  also,  with  some  excep- 
tions, devoid  of  nerves,  t.«.,  non-sensitiv& 

The  epithelial  cells,  whether  arranged  in  one  or  several 
strata,  rest  upon  a  subjacent  tissue,  which,  from  its  rela- 
tion to  the  cells,  may  be  called  nb-epitkeiiaL  The  sub- 
epithelial tissue  is  a  form  of  the  fibrous  variety  of  connec- 
tive tissue,  to  be  subsequently  described,  and  in  it  lie  the 
nerves,  the  blood  and  lymph  vessels,  and  the  involuntary 
muscular  tissue  of  the  skin  and  mucous  membranes;  hence 
it  is  sometimes  described  as  a  fibro-vascular  tissue  or  eorivm. 
It  was  for  a  long  time  believed  that,  between  the  deeper  sur- 
face of  the  epithelium  and  the  oorium,  a  definite,  homo- 
geneous, continuous  membrane,  named  by  Bowman  a  base- 
ment membrane^  intervened,  which  formed  a  sharp  line  of 
demarcation  between  the  epithelial  and  the  sub-epithelial 
tissue.     Bowman,  however,  himself  admitted  that  in  some 
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|..-i'il  toc\!-t  it  coiil.l  iii.t  Mili^facturilylie  (k'lik.iL-tmicd: 
;iri(l  it  is  |i1-.i1.hIi!o  th;it  tilt-  ti.-siiu  on  hIiU'Ii  the  vi^illuliinii 
Rst-MS  only  -.1  s..ii.LAvlL;Lt  t■l,lL.lL■n^oa  form  „f  tic  ^i.1>-.-i.ilh-> 
ii;il  wiiiKTtivu  li.-,.-iR'.  uliidi  a.--umw  in  som,..  l..,-.aiti.-r.  :. 
iii.'ii,la-;int-!iko  .ii.i.L'rtmtiiv.  Tlic  rtr^iit  ..l.,s,rv:iii..!Ls  ,.r 
H.  UatiK-y.  i.Klool.  sli.iw  tliiit,  ill  tiR-  iiLUfmi^  jii.iul.raiio  -I 
iIk-  iiiiL-K'i.iary  ctiiiil.  ;i  .k'li.':,td  ri-tiniimn  uf  c.iu-..oliv.' 
ti-MiL'  is  |in>l..iur.l  ;i,.n-.-,,u  tlk'  .^JthLli-il  .vlls.  Tlic  .■..riuni 
is  ill-.,  t'lo  >v;it  ..I  miiiK-n.uv  ^Lu..ls,  «illi  ll,virl.lM,„l  and 
lyi,i|.i.  v.-,-l.  iiii.l  iMA.^s  :.i»l  iln- i|iiili,'lial  limii-..ttLv 
^I.E.i.l-  is  <-,.uiiiiii.iusat  tiiuiv  uriticw  witli  tlio  t-i.iiluti.il  in- 
V,  -nil.  )it  of  tliu  o.riuii).  Tlio  suifac-i^  U.tli  ..f  l)io  Illue..u^ 
iiirii,l..a.n  -  and  -kill  i,  iHi;.dly  iu..k-  or  K.-,s  uii.htl.il^d— 
.M.:,k-lim..^ili,>(lir.,n-iiiiit..>ti,,ii-f..ld-;.>rnvi.'.  ui..llKTsit 
is  rl..-v,itnl  iiil.i  miiiulL'.  [iv,[iK'ijlly  i-uiiicil,  J^r. ..■,-.-...■>,  iiariu-d 
ill  ...111,-  in.MlJMrs  |.n|.illv,  ill   ..tlurs  villi;  l.ut  in  ;dl  tlk-i- 

IIil;  in,.ltlK.  uii.liilatillL:  livo  .•.liiia.v.  Tliu  fro,-  MUl;u-r  ,.I 
.dl  iiuKuii..  iiKii.l.i.i.iLS  is  kq.t  ^l..i^t  l.y  the  sw-r.^ti^.n  ..r 
liui.:iis  uhii-h  lul.i-i,Mt.'^  it, 

T'-:-tlnh.l,     i.'V-.i.onl,      >■:■•!«. 

\^-/ ii^ikuu.    liniii-    ..[   till'    iiL.mth, 

-  ^  (■..iijuii.iiMt,  and  entrancu  to  the 

''';;,  :'T:V,,'^,Ll'.^::;;';i,.;'m"J,i:  I"-'-:!"-'  -""l  vn;;iiia.     It  furuis 

illl.K.f    Ihc    >ll.'.-i;d    IMLUC    -if    the 
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Testment  of  the  akin.  Its  cells  are  nndeated,  flattened 
scales,  Tarying  in  diameter  from  -^ih  to  -rg^^th  inch. 
Those  in  the  same  layer,  being  in  contact  by  their  edges, 
fonn  a  tessellated,  payement-like  arrangement,  whilst  the 
cells  in  adjacent  layers  have  their  flattened  surfaces  in  con- 
tact with  each  other.  Sometimes  the  cells  have  jagged, 
pricfcle-like  edges,  or  fluted  sorfaces,  and  usually  they  con- 
tain scattered  granular  particles.  In  the  formation  of  this 
epithelium  a  morphological  difierentiation  of  the  protoplasm 
of  the  rounded  cells  of  the  deeper  strata  into  flattened 
scaka,  and  at  the  same  time  a  chemical  difierentiation  of 
their  soft  contents  into  a  homy  material,  have  occurred. 

Columnar  or  eylindrical  epithelium  is  situated  on  the 
free  surface  of  the  mucous  lining  of  the  alimentary  canal 
from  the  cesophageal  orifice  of  the  stomach  to  the  anus ;  it 
is  prolonged  into  the  ducts  of  various  glands  which  open  on 
the  alimentary  mucous  membrane ;  it  covers  the  mucous 
lining  of  the  urethra  and  the  mucous  membrane  of  the 
gall  bladder.  Its  cells  are  elongated,  cylindrical  columns, 
about  xiT^th  inch  long,  placed  side  by  side  like  a  row  of 
palisadea,  and  with  their 
long  axes  perpendicular 
to  the  surface  on  which  /^v^  «^ 
the  ceDs  rest      Some-  ■ 

..  .    Fio.  SL — Columnar  epitheliam.    A,  side  view 

tunes  the  cells  are  Uni-     of  a  gnmp  of  ceUa;  B,  Uri^cnr  frt»  end  of  a 

•     1  poop  of  cells;  C,  a  striated  colonmar  cell 

f  ormly  cylindncal ;  at  from  intestinal  tUIiu. 
other  times  they  are  compressed  at  the  sides;  at  others 
they  vary  in  eircomference, — ^the  broader  end,  lying  next 
the  sorfaoe,  being  rounded  or  polygonal ;  the  deeper  or  at- 
tached end  being  narrower  and  more  pointed  The  nuclei 
are  distinct,  and  the  cell  contents  are  finely  granular. 
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Usually  this  epithelium  forms  only  a  single  layer  of  cells. 
The  columnar  cells  which  cover  the  intestinal  villi  have 
a  clear  space  at  their  broad  free  ends,  which  is  often 
streaked  with  line  parallel  lines  (Fig.  31,  C).  Intermingled 
with  the  cells  of  the  columnar  epithelium  of  the  alimentary 
canal  are  small  goblet-shaped  cells. 

Ciiiaffd  epithelium  is  situated  on  the  free  surface  of  the 
nasal  mucous  membrane,  which  extends  into  the  air-sinuses 
within  the  cranial  bones,  into  the  na^sal  duct  and  lachr}*- 
mal  sac,  into  the  Eustachian  tube  and  tymjninum  ;  on  the 
free  surface  of  the  mucous  membrane  of  the  windpi}>e  as 
far  as  the  terminal  branches  of  the  bronchial  tubes ;  on 
the  nuicous  surface  of  the  uterus  and  Fallo[)ian  tubes ;  on 
the  mucous  lining  of  the  connnencement  of  the  vas  deferens, 
and  on  the  linhig  mendjrane  of  the  ventricles  of  the  brain 
and  central  canal  of  the  spinal  cord.  It  generally  con>i.>ts 
of  columnar  cells,  which  have  at  their  free  ends  extremely 
slender,  soft,  pellucid,  hair-like  processes,  or  ci/ia.     These 

cilia  are  specially  differentiated  at  the 
free  ends  of  the  e[»ithelium  cells  frv)ni 
which  they  prefect.  Beale  states  that 
the  soft  bio[»lasm  (protoplasm)  of  the 
body  of  the  cell  is  prt)longed  along  the 

Fig.  32.— Ciliated  epithelium  axis   of    Cacll   ciliuui,  whilst   the    l>eri- 

cell!,.  '  _     ^ 

phcry  possesses  the  firmer  consistence 
of  formed  or  differentiated  material.  During  life  these 
processes  move  rajudly  to  and  fro  in  the  fluid  which 
moistens  the  surface  of  the  membrane  on  which  this 
form  of  epithelium  is  situated.  In  the  human  body  the 
cilia  are  not  more  than  from  Tj^^^th  to  j^V^^^  ^^^^  ^" 
length ;  but  iu  vaiious  marine  invertebrata  they  are  lx>th 
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longer  aod  stronger.  Sometimes,  as  in  the  lining  mem- 
biane  of  the  cerebral  ventricles  and  central  canal  of  the 
^inal  eordf  the  oeUs  carrying  the  dlia  are  either  spheroidal 
or  cylindrical  Cilia  occasion  currents  in  the  fluid  in 
which  they  move,  and  play  an  important  part  in  the 
economy  of  many  animals;  in  some  of  the  invertebrata 
they  serve  as  organs  of  locomotion,  in  others  they  propel 
currents  over  respiratoiy  surfaces,  and  in  others  aid  in 
bcingiiig  food  within  the  animal's  reach. 

Spheroidal  or  glandular  epithelium  is  situated  on  the  free 
•mfaoe  of  the  follicles  or  ultimate  secreting  apparatus  of 
^ands,  and  the  commencement  of  gland  ducts.  The  cells  are 
often  spheroidal  in  form,  though  not  unf requently  they  are 
polyhediaL  Theircontentsarespeciallydifferentiated  into  the 
secretion  of  the  particular  gland  in  which  they  are  situated. 

Hie  epithelial  ceUs  of  a  Secreting  Qland  rest  upon  a  sub- 
epithelial tissue.  Not  unfrequently  this  tissue  has  the 
appearance  of  a  membrane; 
it  represents,  indeed,  the 
basement  membrane  of 
Bowman,  and  is  called 
mtaabrama  propria.   Deeper 

...  .  Tuk  SS.— A,  polyliedral  gland  cells  from 

than  tibia    apparrait    mem-     theUrer;  B,8pheroliialgUndcelltfTom 

theMliTft. 

biane    is    a   delicate   ocm- 

nective  tissoe  in  which  the  blood  and  lymph  vessels  and 
the  nerves  of  the  ^and  ramify.  The  anatomical  struc- 
tares  necessary  for  secretion  are  cells,  blood-vessels,  lymph- 
vessds,  and  nerves.  The  blood-vessels  convey  the  blood 
from  which  the  secretion  has  to  be  derived;  the  cells,  as 
Goodair  showed  by  a  variety  of  proofs,  are  the  active 
agenta  in  separating  tiie  secretion  from  the  blood;  the 
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nerves  regulate  the  size  of  the  blood-vessels,  and  there- 
fore the  amount  of  blood  wliich  circulates  through  the 
gland,  and  also  exercise  some  direct  influence  on  the 
activity  of  the  cells.  The  function  of  the  Ijmph-ves-^els 
is  not  so  well  understood,  but  the  researches  of  Ludwig 
and  of  some  of  his  pupils  have  shown  their  relation  tt* 
the  secrctincc  structure  of  several  <j:lands.  The  connective 
tissue  and  the  vvDibrana  pr<fj>ria  are  merely  suppH.»rtiiig 
structures  for  tlie  cells,  vessels,  and  nerves.  All  secretim: 
glands  have  the  same  general  ty])e  of  structure,  thouirh 
they  dilFer  from  each  other,  a,s  will  be  pointed  out  when 
the  individual  glands  are  described,  in  the  decree  ut 
c()mi)lexity  in  which  their  constituent  parts  are  arrani^ei.L 
The  simplest  form  of  gland  is  a  short  tube,  closed  at  its 
deej)  end,  whilst  the  op[>o^ite  end  has  a  mouth  oj^^'^ii^^?  ^^^^ 
a  free  sm^face,  as  in  the  glands  of  the  intestine  ;  but  in 
other  cases  the  tube  may  branch  at  its  deep  end,  ai^  in  the 
glands  of  tlie  stomach ;  or  it  may  become  greatly  elon- 
gated and  rolled  into  a  ball,  as  in  the  sweat  glands  ;  or  it 
may  branch,  and  the  l.mmches  may  form  coils  and  loops, 
as  in  the  kidney ;  or  the  tul)e  may  l»ranch,  and  the 
branches  may  dilate  into  sac-like  expansions,  or  acini,  as 
in  the  coinpitund  racemose  ginup  of  glands,  of  wliich  the 
salivary  glands,  the  mai!im:e,  tli»j  lachrymal  glands,  and  the 
pancreas  are  good  cx;nii]']es. 

Tniiisit'cttHiJ  epitlielinm  is  the  name  ap[>lied  to  epithelial 
cells,  sitnated  on  some  free  surface's,  which  possess  transi- 
tional forms  either  between  the  columnar  and  tessellated 
epithelia,  or  the  colunmar  and  spheroidal,  and  not  unfre- 
(piently  have  a  cubical  sha[»e.  The  e[)ithelium  of  the 
mucous  lining  of  the  bladder  is  transitional  between  the 
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eohmmar  aod  scaly  yarieties;  and  in  many  glands  thcf 
continiiity  of  the  epithdial  layer  from  the  spheroidal  epi- 
thelinm  of  the  gland-f  ollides  to  the  columnar  epitheliimx 
of  the  gland-ducts  is  preserved  by  the  interposition  of  inter- 
mediate transitional  forms  of  cells. 

The  epithelial  surf  aces  of  the  upper  part  of  the  mucous 
lining  <^  the  nose  and  of  the  back  of  the  tongue  are 
spedaUy  modified  in  connection  with  the  senses  of  smell 
and  taste  localised  in  those  regions,  as  will  afterwards  be 
cunaidered  when  their  anatomy  is  described. 

Both  the  upper  germinal  layer,  or  epiblast,  and  the  under, 
or  hypoblast  l&yer  of  the  embryo  serve  as  surfaces  of  origin 
fur  ^ithelial  cells,  and  it  is  believed  that  the  epithelial 
covering  of  the  genito-urinary  mucous  membrane  is  derived 
lix«n  a  differentiation  of  certain  of  the  cells  of  the  middle 
germinal  layer  or  mesoblast  The  cells  of  the  hypoblast 
give  origin  to  the  epithelium  of  the  alimentary  canal  below 
the  mouth,  and  to  the  epithdium  of  the  various  glands 
which  open  into  this  part  of  the  digestive  tract ;  also  to 
the  epithelial  lining  of  the  windpipe  and  air  cells.  The 
ceils  of  the  epiblast  give  origin  to  the  epidermal  covering 
of  the  skin,  the  epithelial  lining  of  the  sweat  glands,  seba- 
oeoos  glands,  and  mammie,  which  open  on  the  surface  of 
the  ddn;  also  to  the  epithelial  lining  of  the  mouth  and  the 
salivary  glands  opening  into  it ;  also  to  the  epithelial  lining 
of  the  nose  and  of  the  glands  connected  with  its  mucous 
membrane.  But,  further,  the  epithelial  cells  lining  the 
cerebral  ventricles,  the  central  canal  of  the  spinal  cord,  and 
the  membranons  labyrinth,  are  primarily  derived  from  the 
cells  of  the  epiblast  For  though  these  canals  and  spaces 
are,  whoi  development  is  completed,  shut  off  from  all  con- 


~ ..»     ..    — r     -v'^»,   v-r.    cLltV  art' 

-  .  .  ,  . .    ,  ,  - 

tl:  :  ^r:  ::  :lr  ni-.-:".!^:,  re^-'iiired  f"r 

:_r     '•   LT   TT  .ll:i    ^Ll/z    iLvl.-c    the  Llbv- 


\r 


TIt  :r-.T  --:7:...<  :  vrr-ri  '.;;  ^r.  cr.l'thcliiim  are  the 
-.^:  >  :.-.:./ r.:.-.^.  :'.-.-  ii^Lvr  ^•.:^:;.^.•  --f  the  w.ill>  <»f  the 
'-'.:./_  .l:  ' '.  •.;  v.--rl-  ..L i  <. :  :Lc  hcMit,  the  s\-ni»\-ial 
!--  :..  :.:..-  !  •  iL>.  !  -vn  t::.1  -heaths  and  burs:t.  The 
t .;  V-.  :.:-.'-.  .ii.i  Ci'.-iTit-  l::>.d  l-v  an  en«h'theliiim  are 
-1::  ::  :: u,  JA  -:■  :.;'„.;:::.\.:i' n  with  the  external  atniu- 
>;lv::.  TL-- •;•..'-  ■  f  the  ei-d-thvlium  are  arranired  .so  a?! 
:•  ■  _::vv  >.:':•...:  -::•  :h:.L->  t-.-  the  ^urlV.ce  which  they  cover. 
II  the  \  \y<  a:.-l  Ivi:.'  h  vc->el.->  this  j-niiK-thness  of  surface 
i-  in  or  l-T  t<'  :V.'/:'.::;;:e  the  d"W  (.)(  the  blo<»d  and  lymph  in 
the  C"ur-e  I'f  tlie  circuhiti'-n.  The  ^erous  and  svno^'ial 
i.it-inVraiies  are  i-.-und  covering  the  >urfaces  of  parts  which 
nit've  on  each  <'ther,  and  the  smoothness  of  their  respective 
surfaces,  hv  jK-rnutting  freedom  of  movement,  diminishes 
the  friction. 

Endothelial  cells  form  only  a  single  layer,  and  are,  as  a 
rule,  tiattened  scale-like  cells,  arranged  after  the  manner  of 
a  te.sscllated  epitlielium.  EndotheUum,  like  epithelium,  is 
non-vascnlar,  and,  so  far  as  is  known,  non-nersxms. 

The  endothelial  cells  rest  upon  a  sub-endothelial  tissue, 
consisting   of   the   libn)us   variety   of    connective    tissue. 
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HerBy  as  in  the  snifaces  covered  by  epitheKmn,  a  heae- 
ment  membrane  was  at  one  time  supposed  to  interyene 
between  the  cells  and  the  connective  tissae;  bnt  it  is 
now  believed  that  the  cells  are  in  direct  contact,  by  their 
deeper  surface,  with  the  connective  tissue  itself,  which 
serves  as  the  framework  of  support  for  the  blood  and 
lymph  vessels  and  the  nerves  of  the  part  In  the  serous 
membranes  and  in  the  coats  of  the  kuger  blood-vessels 
elastic  fibres  are  present  in  considerable  numbers  in  the 
sub-^idothelial  tiBsua  In  the  serous  membranes  the  lymph- 
vesseb  are  very  abundant  in  the  sub-epithelial  tissue,  where 
they  form  a  layer  parallel  to  the  free  surface  of  the  mem- 
brane, from  which  short  vessels  pass  vertically  to  open  by 
minute  orifices  into  the  serous  cavity.  The  serous  mem- 
branes are  attached  by  the  snb-endothelial  connective  tissue 
to  the  organs  which  they  invest. 

Eacb  Serous  Membrane  consists  of  a  portion  which  invests 
the  viscns  or  oigan,  named  the  tfueeral  layer y  and  a  portion 
which  lines  the  walls  of  the  cavity  in  which  the  organ  is 
situated,  named  the  paridal  layer.  Between  these  two 
layers  is  the  so^adled  Bertnu  cavity^  the  wall  of  which  is 
formed  by  the  smooth  surfaces  of  both  the  parietal  and  the 
visceral  layers.  The  serous  membranes  are  as  f oUows : — The 
two  pleune  situated  in  the  cavity  of  the  chest,  one  invest- 
ing each  lung,  and  lining  the  interior  of  that  part  of  the 
thoracic  cavity  in  which  the  lung  is  situated;  the  pericar- 
dium, which  invests  the  heart,  and  lines  the  bag  in  which 
the  heart  is  contained;  the  peritoneum,  which  invests  the 
abdominal  viscera,  and  lines  the  abdominal  cavity;  and 
the  arachnoid  membrane,  which  invests  the  brain  and  spinal 
cord,  and  is  r^arded  by  many  as  lining  the  dura  mater,  the 
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moinbmtiu  ivliii.-li  ciicl...-es  tlioe  impomnt  orjiTis.  Tlii 
.-iihMth  frLV  Mirf:iCL-,  uf  tlio  ^cr,mw  JiK.ml)raiii.-.s  ar.;  !n.,i~Wn.-i 
Ijj- ii  liiiil.i.l  lliii.l,  ..r  -ujiiiii,  which  facilitate:,  tlkir  iii..vc- 
iiient  uji  VM-\i  otliur,  jii=t  a.-^  thi'  freo  Min.oth  surf.Kv^  ..f  iIjl' 
MVii.n-iil  lu.'iul .nines  arc  lliliiit;ilid  lij-  tliu  vi.Mi.l  ^\;,>.^i.^ 
uhi.-h  thL'.V  >e,Jvto. 

Thu  L-ll.l.4lwliHlll  ..f    till!  H^TnllS  MoIllliMllCS  Cn,i-,i.|>  i.t   a 

hiycr  .>f  invv"!."-  .^■|ii^"ii"iis  cell.-.  t!i,>  e.ln^.-^  ..f  ul,i.  !i  u..^y 
!iL.siii,„.iI.  ,.r>ll-.]i;]j-.-,i-nMt..'d.  Tliuc^lU;«vfhiv,.ly,i,l,ii,tv.l 
I.,  wii-b  olli.T  Iiy  tljeir  e,lgc:s,  ^o  as  to  fomi  a  c.Mniiiu..u- 
^  ,    ^      ,     .  4m.y..t!i    Inyi-r,   which    f,.ri,i,- 


:>sJ.-^.    Th.-cel!^ivl,;.-l,  -ur. 
mid  tliu  st.iiii.it.i   ililRr  in 


■'■'       ■      tli.y   i>iv   .-iimILt.    ai„l    ur.- 


TIic  ,'h<)..llicHai,t  liiiiii-  tlio  I,yiii|ih,itti;  Vfs>cls  c.ai.-i-t- 
,.(  :i  liiy-r  ..I'  lliltem.i  ecll-s  vhi.-li,  iii..l>-a.l  .>f  iMviii-  :i:i 
iiTe:^ular  .-lui.,-,  arc  d.^iigiitcd  aii.l  -lighlly  ^umni,.-.  in  muI- 
liiJi'.  Tlie  en.lullteliiuii  cf  tlif  lyuiphalirs  U  fnniinu..u- 
Willi  tli.it  vf  thu  .-^cinns  i,„-tiplir,iiio.^  llir..uL-li  i]ie  sluni.ii;i. 

yar.K.,h,suvatly„,H,-sa,-,s. 

Tlie  i^n.h.ilKli.il  litiiug  (if  the  DI.H.a-\V,stl.s  o.nv-]-ii.l. 
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in  general  characters  witH  that  of  the  lymphatics.  In  the 
small  blood  capiUarieB  the  cells  are  fusiform ;  in  those  of 
larger  size,  more  irregular :  in  the  veins  they  are  broader, 
more  irregolar,  and  less  distinctly  fusiform  than  in  the 
arteries.  The  endothelial  covering  of  the  endocardial 
lining  of  the  heart  consists  of  a  layer  of  flattened  cells 
with  irregular  outlines.  The  endothelial  lining  of  the 
blood-vascular  system  is  continuous  with  that  of  the 
lymph-vascular  system,  where  the  thoracic  duct  and  other 
large  lymph-vessels  open  into  the  great  veins,  and  thus  a 
continuity  of  surface  is  established  between  the  serous 
membranes  and  the  lining  membrane  of  the  blood-vascular 
system  through  the  lymphatica 

The  endothelium  of  the  Synovial  Membranes  forms  a 
layer  of  polygonal,  tessellated  cells,  on  the  inner  surface  of 
the  vascular  connective  tissue  of  the  S3movial  capsules. 
The  existence  of  a  continuous  layer  of  such  cells,  though 
denied  by  Hiiter  and  Reyher,  has  been  established  by  Till- 
manns.  Villous  processes  of  the  sub-endothelial  vascular 
connective  tissue  called  synovial  fringes^  covered  by  endo- 
tlieliam,  project  into  the  cavities  of  joints  and  sjmovial 
boisae,  and  oontribute  to  the  formation  of  the  synovia 
which  lubricates  the  surfaces  of  a  synovial  membrana 

Endothelium  is  developed  exclusively  from  the  ceUs  of 
the  mesobiast,  from  which  cells  also,  by  histological  dif- 
fereotiation,  are  formed  the  organs  to  which  the  endothelium 
aeiTBB  as  a  lining.  Between  the  endothelium  and  the  con- 
nective tissue  a  close  genetic  co-relationship  obviously 
exists,  and  the  flattened  endothelial  cells  are  apparently 
fpedally  difierentiated  on  the  sor&ce  of  the  bundles  of 
eoonective  tissue. 
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THIRD  GROUP. 
Cells  imbedded  in  Solid  Tissues. 

The  cells  which  are  imbedded  in  the  solid  tissues  art' 
either  gr(mi>ed  together  in  considerable  masses,  or,  a^ 
not  unfreqnently  happens,  are  more  or  less  separated  )>}' 
an  intermediate  matrix,  or  intercellular  substance.  The 
matrix  substance  varies  in  its  character  in  different  ti^siKs, 
and  sometimes  is  so  abundant  as  to  obscure  the  cells. 
The  textures  which  are  constructed  on  this  plan  are  <.»f 
i^reat  importance,  and  constitute  by  far  the  larger  proj •op- 
tion of  the  tissues  not  only  of  the  human  body,  but  of  the 
l>odies  of  animals  generally.  Sometimes  these  ti.»ues  arc 
elomrated  into  delicate  threads  or  fibres,  at  other  times  tbev 
are  expanded  into  thni  meml)nines,  at  others  they  fi.>rm 
solid  masses  of  considerable  thickness. 

Connective  Tissue. 

\\y  the  term  Connective  Tissue  is  meant  a  group  vi 
tissues  which,  tlmugh  the  members  of  the  group  differ  in 
various  resju'cts  from  each  other,  both  in  naked  eye  and 
microscopic  characters,  yet  agree  in  the  property  (.»f  bind- 
ing or  connecting  togvther  (4her  tissues  or  parts  of  the 
btuly,  and  in  serving  as  a  supporting  framework  for  niort- 
delicate  tissues.  This  group  of  tissues  is  the  most  exten- 
sivi'lv  diffused  i)f  all  the  textures,  for  there  is  no  onran  in 
the  body  which  docs  n«>t  contain  one  or  other  of  its  forms. 
The  following  varieties,  based  on  modilications  in  their 
ai»pearauce  and  structure,  may  be  recognised. 
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O.  yenrofflia.  Thia  Dame,  wUch  meana  nerve  glue,  has 
been  mpplied  by  Vinihow  to  the  delicate  tissue  in  the  cen- 
ttal  organs  of  the  .    ^.  - . 

nwoos  Sjmtain,     .  'i'- 
sodof  theretina,    ,j^ .'  J 
*hidi    sai^rtB      ■^;, 
the  oerre   cells,       ^  "" 
nerre  fibres,  and 

Uood-reasels  of  ,  ~        - 

those  parts.    Mi-  -     ■    "i' 

««»P«»Uy    Jtp„»_a^i™rf 


TOond  08-  ovoid  corpuscles,  imbedded  in  a  soft  gtanuki 
pnptoplasm.  A  form  of  tumonr,  named  Glioma,  is  some- 
tim«  prodaoed  by  the  eicessive  growth  in  the  brain  oi 
retiis  rf  thia  variety  of  connective  tissue. 

ft.  Xttiform  connectiTe  tisane  constitutes  the  stroma  or 
■ni^Kwting  framework  of  the  lym- 
phatic and  other  glands  which 
poneas  the  adenoid  type  of 
tiwa&  It  consists  of  stellate 
hnodiing  cells,  the  branches  of 
»hidi  blend  with  each  other,  p,, 
•ad  fonn  a  delicate  anastomosiiig  ' 
iietwoA  or  reticalnm.  In  the  lymph  glands,  the  colour- 
lew  lymph  corpuscles  are  set  in  the  meshes  of  this 
"etwOTk-  In  the  solitary  and  Peyer's  glands  of  the 
•hmentary  canal,  in  the  tonsils,  at  the  back  of  the  tongue, 
w  the  poatenorwall  of  the  nasal  partof  the  pharynx,  the 
Palpebral  conjonctiTa,  the  thymns  gland,  the  pulp  and 
^''Ipighiu   bodies  of   the  spleen,  colourleas  lymph-like 


I  iqiii'tclc'*  arc  also  included  in  the  rticilies  of  a  re 
Tl  /        J 


p;ut  ilirurciitintiia  ii.t  ■  -.liurt  dilii-'alo 
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Under  some  patholo^cal  oonditions,  this  f  onn  of  tdasae 
inoeaaeB  laigely  in  quantity  in  some  parts  of  the  body,  and 
f onns  a  kind  of  tomonr  named  Myxoma^ 

d  F%brcm$  connectiYe  tiasne  presents  f onr  modifications 
in  ^peaianoe.  It  may  be  soft  and  delicate^  with  the 
fifana  short  and  bat  &intly  marked,  as  in  the  snb-epithelial 
tissue  of  the  skin  and  mucoos  membranes.  It  may  be 
kiose^  floocolenty  and  filamentous,  and  may  contain  small 
qMeea  or  areolae  (when  it  is  called  careoUnr  tissue),  as  is 
weD  seen  in  the  snbcataneons  tissne  of  the  adult,  and  in 
the  omenta.  It  may  be  expanded  in  the  form  of  a  fibrous 
mtembrome,  as  in  the  f  ascue  or  aponeuroses,  and  the  threads 
or  fibres,  strong  and  well  marked,  sometimes  run  parallel, 
aomeiimea  cross  each  other  at  Yarious  angles.  It  may  be 
cnHected  into  rounded  or  flattened  bands,  as  in  tendons  and 
Hgsmflnts,  where  it  forms  the  tenditums  and  ligamentous 
tissues.  Here  also  the  threads  or  fibres  may  be  distinctly 
recognised  and  seen  to  run  in  parallel  bundles,  so  as  to 
connect  together  the  two  structures  between  which  the 
tendon  or  ligament  passes. 

In  the  fibrous  form  of  connective  tissue,  both  cells  and 
interoelhilar  substance,  the  latter  of  which  is  differentiated 
into  fibres,  may  be  reo(>gnised«  The  cells  are,  as  a  rule, 
either  elongated,  or  fusiform,  or  caudate,  or  stellate  branched 
cella,  and  are  familiarly  known  as  the  connective  tissue 
corpmedes.  In  these  cells  the  nudeus  is  round  or  oval,  and 
Qsoally  well  marked.  It  is  suirounded  by  granular  proto- 
plasm, bat  it  is  very  doubtful  if  the  protoplasm  is  invested 
faj  a  cell  wall  Not  unfrequently,  more  especially  where  the 
eefla  are  stellate,  the  delicate  branched  protoplasm  processes 

of  adjacent  cells  i^pear  to  blend  at  their  extremities  with 

K 
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each  otlter,  and  fonn  an  anaBtomosing  network.  The 
■tnictnre  of  tendons  has  been  recently  examined  vith 
great  care  by  Banvier,  Spina,  and  Thin  with  raferanoe  to 
the  arrangement  of  their  oeJlnlar  conetitnents,  and  in  addi- 
tion to  the  fusiform  and  stellate  branched  calls,  which  had 
long  been  recoguised, 
rows  of  cells  nto- 
ated  between  and 
parallel  to  tiie  fibrotu 
bundles  have  been 
described.  lo  yvaag 
'  tendons  theee  cdls 
are  polygonal,  bat  in 
adult  tend<»u  they 
I  more  flattened. 
Thin  states  that  th<9 
farm  a  oontinuoQa 
j,of  layer  of  flat  cells  In- 
vesting not  only  the 
indiridnal  bundles  of  which  a  tendon  is  composed,  bat  the 
surface  irf  the  tendon  itself. 


no.  St.— rut 


>ln«.    (/WmflUL) 


Key  and  Retriiu  have  recently  deeciibed  the  bundles 
of  sabaiachnoid  connective  tiasne  as  suironnded  t^  a 
layer  of  flattened  cells,  and  a  dmilar  arrangement  has 
been  reoorded  by  Hihalkorics  annind  the  bnndlea  of  the 
oonnectiTe  tissne  stroma  of  the  testicle.    These  flat  endo- 
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theliol-Hke  cells  ue  otmona^  b  special  differoitiiation  of 
the  fonnatiTe  cells  of  the  connective  tissae  ftt  the  surface 
of  the  bondlee. 

The  wide  diffusion  of  the  ccainectiTe  tissue  throaghout 
the  body,  and  the  great  impOTtance  of  its  cellular  elements, 
hare  been  espedall;  dwdt  on  by  Virchow  as  aourcee  of 
ofigin  of  the  new  c«U  foima  which  arise  in  various  patho- 
logical processes. 

The  iMterttUular  mbttiutee  or  matrix  consists  of  fibres, 
whieb  are  not  nnifonn  in  shape,  and  are  divided  into  the 
two  groops  of  white  and  yellow  fibres. 

Hie  viite  fibrt*  of  connective  tisene  constitute  the 
most  common  fonn,  and  make  up  the  great  bulk  of  most 
tigamentn,  tendons,  and  fibions  membranes. 
They  conast  of  excessively  delicate  filaments, 
rarying  from  jTtfl»f»  ^  Viirr*  ««*  "» 
ihiiliifM.  which  are  united  together  in 
bmMQea  or  fasciculi  of  variaUe  size.  The 
bondlee,  as  well  as  the  filaments  of  which 
they  are  eorapoeed,  have  a  wavy  course,  and  ^ 
tji^  filaments  in  each  bundle  lie  almost  4 
pvnllel  to  each  other.  The  bundles  also  ^ 
in  some  caaee  are  parallel,  though  in  others 

,  FkLII.— MMKUII 

tner  croaa  at  vanons  anides.     Not  only  the    of  vhui  ibn* 

,  of      cooneeu™ 

fitaatHita  in  each  bniulle,  bat  tiie  bundles    um. 
tLemaelrcn,  are  cemented  together;  the  firmness  of  the 
adhesion  variei  in   the   different   modifications  of   the 
Cbroos  connecttre  tissue,  being  much  more  decided  in  the 
t^tfiLM^  ligaments,  and  fascise,  than  in  the  lax  areolar 


TIm  yeUw  ffnra  of  connective  tisBoe,  named  elattie 
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tistw,  from  ita  elaBticitf ,  malce  up  the  mass  of  tiie  Ugt- 
mentom  nadue,  the  ligamenta  snb-flava,  and  the  jellow 
elastic  coat  of  the  arteries.  They  are  also  found  mingled 
with  the  white  fibres,  in  the  fibrons  memtoanes,  Hie  skin,  the 
mnoons  and  aeions  membranea,  the  areolar  tinne,  in  ten- 
dons, and  some  ligaments.  In  the  liga- 
menta  snb-flava  and  nodue  the  yellow 
fibres  are  arranged  in  bundles,  the  in- 
dividual fibres  of  which  are  comparatiTely 
broad,  with  a  distinct  dark  ontline.  They 
'  branch,  and  their  branches  readily  break 
across,  and  the  broken  end  then  cnrla 
npon  itself.  Their  diameter  is  about 
xi^th  incL  In  Uie  coats  of  the  arteries 
— Fudmiiu  the  elastic  fibres  form  an  ansstomoainff 

a  of  y^Do^ 

—  -t  ima  network.  When  mingled  witii  the  white 
fibres  they  are  mnch  finer,  and  sometimes 
do  not  exceed  arhr^  ^'"^  '^  diameter.  Th^  possess, 
however,  a  distinct  and  definite  outline;  th^  branch  and 
occadonally  anastomose;  and  the  individoal  fibres,  possess- 
ing a  ring-like,  spiral,  or  twisted  oonrse,  are  wound  around 
the  bundles  of  the  white  fibrea.  The  white  fibres  yield 
gelatine  on  boiling,  but  the  elastic  fibres  do  not  The 
white  fibres  swell  up  and  become  so  transparent  under  the 
addon  of  acetic  add  as  to  be  no  longer  recognisaUe.  The 
yellow  fibres,  again,  an  not  affected  by  that  reagent 
Qnekett  pointed  out  that  the  elastic  fibres  of  the  liga- 
mentum  nuchie  of  the  giraffe  were  marked  by  transverse 
Btriie,  and  M.  Watson  has  seen  a  similar  ^peaiance  in 
the  elastic  pericardiac  ligament  of  the  elephant  These 
tiansverae  strin  are  apparently  cracks  in  the  fibre;  utd,  as 
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Beale  lias  shown,  are  not  nnfrequently  seen  in  the  elastic 
fibres  in  beef  and  mutton  which  have  passed  through  the 
alimentary  canaL 

Beating  on  the  mode  of  nutrition  of  the  tendons,  and 
other  fibrous  forms  of  connective  tissues,  minute  plasma 
or  juice  spaces  and  canals  haye  been  described,  along 
which,  not  blood,  but  the-  liquor  sanguinis  is  supposed  to 
flow.  Yirchow  conceived  that  the  oonnecfive  tissue  cor- 
pusdea  formed  an  anastomosing  network  for  this  purposa 
Briicke  believed  that  delicate  channels  or  lacunss  existed 
between  the  bundles  of  connective  tissue,  whilst  Reckling- 
hausen maintained  that  the  canaliculi  were  situated  in  the 
homogeneous  substance  which  connects  the  fibrous  fasciculi 
and  lamellffl  of  the  connective  tissue  with  each  other. 
These  lacuna  or  canaliculi  are,  in  all  probability,  the  root- 
lets of  origin  of  the  lymphatic  system  of  vessels,  and 
Mihalkovics  and  Thin  maintain  that  their  walls  are  formed 
by  the  flat  endothelial-like  cells  which  invest  the  bundles  of 
connective  tissue.  Banvier  even  suggests  that  the  spaces 
between  the  connective  tissue  bundles,  walled  in  by  these 
cells,  form  a  close  system  analogous  to  the  serous  cavities. 
There  can  indeed  be  no  doubt,  as  the  recent  injections  of 
Ludwig  and  Schweigger-Seidel  have  shown,  that  tendons 
and  fasciaB  are  well  provided  with  lymph  vessels,  for  they 
have  injected  in  them  a  minute  network,  consisting  in  part 
of  polygonal  meshes,  and  in  part  of  vessels  running  longi- 
tudinally and  parallel  to  the  connective  tissue  bundles,  and 
the  walls  of  these  vessels  were  formed  of  endothelial  cells. 
Becklinghausen  and  others  have  recently  described  cor- 
puscles in  the  connective  tissue  which  resemble  in  size  and 
appearance  the  white  corpuscles  of  the  blood  and  lymph. 
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Tlicse  cori'iiMcIes  are  believed  to  move  about  in  the  juii-i 
can:ik  iilrL';nIy  referrt.'d  to,  and  it  is  iwssiMe  tliat  they  may 
liuvu  iiii!;i';iti.'il  into  the  tissue  tlinmyh  the  wiiUs  nf  itr 
tmtrifiLt  liloiid-vessels. 

Tliu  vi\MiiUinty  i.f  the  connective  tis-in;  vaiits  in  diUVr- 
ent  localities.      The    itrio>- 


ttuni  and  [n 

■ridKiddiiiiiii  an- 

vcrj-v^v-^culm 

■jhnttheirnuiue 

tLt  niitritioi 

1  not    iiKTvly  ..f 

these  iihroiis 

nie  nib  nine*,  but 

of    the    U-n 

c    and    tartilajit 

which  llieyh 

ive^t.  TLfshL'ath 

i^i;-..  of  connective  tisane  which  lu- 
sts a  tendon  is  more  vas- 
lui.iy  i.iiMJifd(n.intiiui,j»,L  p^iyr  than  the  snb»tance  of 
the  tendon  it>elf.  As  a  rule,  it  may  be  atatod  that  the 
fibrous  coiiueitive  lit^ues  are  not  highly  vascular, and  that 
tlie  initritive  ehanjjcs  which  talie  iilnce  iu  them  after  their 
growtli  is  conijileted  are  not  very  active.  Connective  tissue 
is  spanii^ly  !,u|i|>Iied  with  nerves,  and  their  mode  of  ter- 
niination  in  it  hiis  not  been  ascertained. 

The  mode  of  developnont  of  the  connective  tissue  has 
been  much  disenssed  by  anatomists,  imd  various  vieirs  have 
been  advanced  as  to  the  changes  wliicli  lead  to  its  prw- 
duction.  It  is  now,  however,  generally  admitted  that, 
exceiit  perhaiis  the  neuroglia,  it  arises  from  the  cella  of  the 
mesohlast  layer  of  the  embryo,  by  a  s|jecial  nioriihological 
and  chemical  ditfereutiation  of  their  protoplasm,  but  the 
ilegree  to  which  this  differentiation  may  |>rocccd  varies  with 
the  i.ariieular  form  of  the  texture.    The  neuro^dia  apj^irenlly 
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mam  along  with  the  oential  nervoofl  azia  from  the  cells  of 
tbe  epibkat ;  and  ita  tiflsiia  lemains  mostly  as  a  granular 
rnicleated  protoplasm,  though  a  delicate  fibrillation  may 
munftimm  be  seen  in  it.  In  the  retifoim  connective 
tiMiie  the  cells  have  assumed  a  stellate  shape,  and  their 
bffancboo  anastomose.  In  the  gelatinona  and  fibrous  form 
an  infteieellnlar  matrix  is  extensively  produced,  and  exhi- 
bits a  differentiation  into  fihreSi  In  these  last-named 
tcnm,  which  are  the  most  characteristic  varieties  of  the 
the  cells  of  the  mesoblaat  change  their  form,  and 
a  fnsifonn,  caudate^  or  stellate  shape;  and,  sub- 
mqjamxtij  a  delicate  fibrniated  structure  appears  between 
them,  which  assumes  the  Gharacters  of  the  bundles  of 
white  fibfona  tiasuei  and  by  separating  the  cells  from  each 
other  forma  the  fibrous  interceUnlar  matrix.  It  has  been 
mnch  diqpiuled  whether  these  white  fibres  take  their  rise 
fmniediata^  from  the  periphenl  portion  of  the  cells  by  a 
direct  differentiation  of  their  protoplasm,  or  whether  this 
protc^dasm  is  not  in  the  first  instance  converted  into  a 
homogeneous  matrix  in  which  the  fibrous  differentiation 
then  oceoia.  There  can  be  no  doubt  that  the  fibres  are 
formed  by  a  metamorphosis  of  the  protoplasm  of  the  cells; 
whether  the  metamorphoaas  takes  place  directly,  or  through 
the  intermediate  stsge  of  a  homogeneous  matrix,  is  a 
•eemidaiy  question,  and  in  all  probability  both  modes  of 
oonvecnon  take  place  at  different  times  and  in  different 
W*K^M>«^  As  the  differentiation  into  fibres  progresses, 
tlM  tisaae  becomes  firmer  and  tougher,  and  the  propor- 
ckm  of  the  cellular  to  the  fibrous  element  diminishes. 
HcDce^  say  in  a  young  tendon,  the  rows  of  connective 
tiasae  ceDs  are  not  ooty  closer  together,  but  are  much 
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more  readily  seen  than  in  an  adult  tendon,  in  which 
the  increased  production  of  fibres  obscures  the  cellular 
element 

The  mode  of  origin  of  the  yellow  elastic  fibres  has  also 
been  much  discussed.  At  one  time  it  was  believed  that 
they  were  derived  from  nudei,  and  on  this  supposition  they 
were  named  nuclear  fibres.  But  from  more  recent  observa- 
tions there  is  reason  to  believe  that  they  are  produced,  like 
the  white  fibres,  by  a  special  differentiation  of  the  proto- 
plasm of  the  embryonic  cells,  or  of  a  homogeneous  matrix 
derived  from  that  protoplasm.  In  such  localities  as  the 
ligamentum  nuchie,  where  the  fibres  are  both  large  and 
numerous,  the  whole  of  the  oeU  protophism  appears  to 
become  converted  into  elastic  tissue.  In  tendons,  and  those 
parts  where  these  fibres  are  slender  and  scanty,  and  coil 
round  the  bundles  of  white  fibrous  tissue,  they  apparently 
arise  from  a  differentiation  of  the  protoplasm  on  the  sur- 
face only  of  the  fonpative  embryonic  cells. 

Adipose  Tissue. 

The  Adipose  or  Fatty  tissue  varies  in  its  amount  in 
different  individuals.  It  is  especially  found  in  the  mar- 
row of  the  bones;  as  a  layer  beneath  the  skin,  differing 
in  thickness  in  different  individuals;  and  collected  in  the 
cavity  of  the  abdomen  in  the  folds  of  peritoneum,  known 
as  the  mesentery  and  omenta,  in  which,  and  indeed  in  the 
other  localities  where  it  occurs,  it  is  intimately  asso- 
ciated with  the  connective  tissue.  It  consists  of  cells, 
which  vaiy  in  size  from  y^th  to  y^th  inch,  usually 
ovoid  or  spherical  in  form,  though  when  collected  into 
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naaMB  they  may  be  latenDy  ctanpreBsed.  These  cells 
■n  KHnetiinw  uoUted,  though  moot  nmallj  ananged 
m  rows  <a  dusters  to  f  onn  lobnlee  of 
hL  The  inimber  of  ceQa  in  a  given 
lobule  Tsries  with  the  mie  of  the  lobolft 
The  distinctiTe  contents  of  these  cells  , 
ii  ft  mioate  drop  of  oil,  which,  when 
namined  by  faanamitted  Kght^  preaentB  < 
a  bri^t  a{q>eaianoe;  but  when  seen  by  ; 
Rdected  light,  kxAs,  as  Honro  prmui 
deaoibed  it  long  ego,  like  a  cluster  of 
peaila.  Each  fat  cell  poeaesses  a  distinct  Piis.M.—FUcdiiBd 
vail,  as  can  be  readily  demonstiated  by 
£gcatiiig  theae  oella  in  ether,  when  the  oQ  la  disaolTsd 
out  and  the  membianoos  mQ  remains.  The  nnclens  of 
the  fat  ed\  is  more  difficult  to  demonstrate,  and  when 
tea  is  foimd  attached  to  the  inner  surface  of  the  cell 
«aIL  In  the  fat  erf  old  persons,  and  in  specimens  of 
tUs  tissue  iriuch  have  been  mnored  from  the  body  for 
B  lo^th  of  time,  a  stellate  gronp  of  acicolar  oyBtals  is 
not  nnfrequently  to  be  seen  in  the  interior  of  the  cell, 
«dadi  eonsist  either  cd  margariu  or  maigaric  add, 
cBis  ti  the  oonatitDents  ot  hnman  fat  The  lobules  d 
bt  cefla  are  included  between  bundles  of  the  areolar 
nriety  ti  eoanectiTe  tusne,  which  form  their  supporting 
fnaewok.  Bat  in  addition,  tliey  are  more  or  less  per- 
tecAj  mroaaied  by  a  netwoik  of  capillary  TeaselB,  which 
not  only  serres  to  oonvey  to  them  blood  for  their  nutrition, 
bat  iida  in  rntainirg  them  in  position. 

The  doae  saatomical  telatiotL  between  the  adipose  and  the 
wmw-tiiu  tiaene  points  to  ft  geoetie  relationship  between 
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theoL  It  has  now  been  ascertained  that  the  first  stage  in 
the  formation  of  a  fat  cell  oonsista  in  the  appearance  ol 
extremely  minute  drops  of  oil  in  the  protoplasm  of  the  con- 
nective tissue  corpuscles  of  the  part ;  as  these  ran  together 
larger  drops  are  produced,  a  cell  wall  at  the  same  time 
differentiates  from  the  peripheral  part  of  the  protophism, 
and  as  the  cell  becomes  distended  with  oil,  by  the  conver- 
sion into  fat  of  its  substance,  it  sweUs  out  into  a  spherical 
or  ovoid  celL  Klein  has  recently  shown  that  the  fatty 
tissue  of  the  omentum  and  mesentery  is  formed  by  the 
production  of  oil  drops  within  the  branched  cells,  which 
form  the  reticular  tissue  that  supports  the  lymphoid  cells 
found  so  abundantly  between  these  folds  of  peritoneum. 
In  a  lymphoid  tumour  of  the  mesentery,  which  I  recently 
examined,  where  fatty  degeneration  had  made  considerable 
progress,  I  found  that  not  only  the  branched  cellsi  but  the 
lymphoid  cells  also,  had  undergone  the  fatty  change. 

PlOXENTABT    TiSSUK 

In  some  parts  of  the  body  a  yellow,  brown,  or  black 

pigment  is  found  in  the  interior  of  oells»  which  gives  to 

the  tissue  and  organ  a  characteristio  cokmr.     In  the 

coloured  races  of  mankind,  and 

in  certain  parts  of  the  body  of 

the  white  races,  pigment  is  pro- 

fia  ii.-^hMp  of  abided  dior-  duced  in  the  cells  of  the  catide 
oidAi  pigment  odii.         ^  epidermis^  more  especially  in 

the  cells  of  the  deeper  strata  or  rete  Malpighi.  In  the 
connective  tissue  corpuscles,  also,  more  especially  in  the 
dermis  of  fish,  amphibia,  and  reptiles,  pigment  is  found  in 
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coudderable  abundance.  The  choroid  coat  of  the  eTcboIl 
owes  ha  dark  brown  or  black  colour  to  the  presence  of 
[Hgment  in  the  interior  of  the  cella  The 
pigment  oella  of  the  choroid  are  usually 
polyhedrons,  6  or  6-Bided,  and  are  arranged 
to  fcHTn  a  mosaic  pattern.  In  the  centre  . 
is  a  nncleoB,  and  the  cell  eubetance  is 
occupied  l^  numbers  of  minnte  brown 
grannlee.  In  the  connective  tissue  on 
the  onter  snrface  of  the  choroid,  the  pig- 
ment is  contained  in  stellate  cells.  In  ful  » 
the  skin  of  fishes  and  amphibia,  the 
stellate  pigment  cells  branch  and  subdivide  so  as  to  form 
highly  complex  patterns,  and  the  cells  an  crowded  with 
browD  or  yellow  giauules.  The  production  of  pigment, 
either  in  the  interior  of  epidermal  cells,  in  the  poly- 
hedral cells  of  the  choroid,  or  in  the  stellate  connective 
tissue  coipusclefl,  is  owing  to  a  special  metamorphoeis  or 
difftoentiadon  of  the  protoplasm  substance  of  these  cells. 

CAsnLAoiNoua  TissrB. 

By  the  term  Cartilage,  or  cartilaginons  tissue,  is  meant  a 
gronp  of  tissues  which,  though  usually  found  in  the  form  of 
plates  or  bars,  yet  differ  in  varioos  respects  from  each  other, 
both  in  naked  eye  and  microscopic  characters.  They  agree, 
however,  in  forming  solid  textures,  opaque  when  seen  in 
mass,  but  tnuutncent,  pearly,  or  bluish  white,  in  thin  slices, 
firm  in  consistence,  but  easily  cot  with  a  knife,  endowed 
with  oomdderaUe  elaatid^,  and  jnelding  chondrine  on  boil- 
ing.    Cartilage  is  of  greater  importance  in  the  fcetus,  and  in 


the  immature  condition  of  tlic  budy  than  in  the  adult,  for 

!if     h  k                ill  a  groat  measure  formed  of  it. 

d  gr   rth  proceed,  a  considerable  pn> 

)ort    n         h  rt          becomes  converted  into  bone,  aud 

cill  d    li  ary  cartilage,  whilst  the  rcmain- 

rt  cartilaire  throughout  life,  and  is 

tcni   d  T      folloiiing  varieties  of  cartilage, 

b     -d    n  moi  h  n         tnicture  and  aiijiearancc,  may  be 


(Fi1.; 


lii,i,'c.  Vt!l"W  liliro-cartil:!^-,', 

T/miifoiis  Caiiila-ji:  does  not  esist 
wdy.     It  occurs,  Iiowever,  in  the 
human  embryo,  in  the  embryt* 
of  all  the  vertebrata,  and  in  the 
lan-al  stiigu   of  dcvclui)ment  of 
the  tunicata,  as  the  slender  TK<d 
named  chorda  dorsalis  or  noti>- 
chord.     In  all  the  hiijher  verte- 
[..  brata    the    chorda  dorsalis  di^- 
fjisu  111  riirii'ii).  aiijKiars  as  development  advances, 

but  in  the  lower  vertebrates  it  iHirsi^ts  throughout  life  as 
a  nior^  or  less  perfect  structure.  In  the  lamprey  and 
myxinc  it  funns  a  continuous  rod  in  the  vertebral  T«gioo. 
In  fish  generally,  but  more  esi>ecially  in  the  ciirtilaginoii* 
group,  it  fortns  a  jelly-like  ma<s,  occu]ij"ing  the  concavities 
lictween  the  bodies  of  the  vertebra;.  The  cells  lie  in  con- 
tiict  with  each  other.      They  are  comparatively  large  in 
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I  TDQnded,  but  more  usually  compreesed 
litamllj.  The  tincleiu  is  often  very  disliiict,  though  at 
other  tunes  more  difQcnlt  to  detect,  and  the  cell  wall  is 
wdl  marked,  Sometimea  a  little  mtercellnlar  substance  is 
fomid.  By  srane  anatomists  the  chorda  dorsalls  is  regarded 
M  a  Taiiely  of  connectiTe  tissue,  and  not  of  cartilage. 

The  caitilaginoas  bamework  of  the  ear  of  some  smaU 
iiisiiiiiimIh  MB  the  moose,  the  bat,  and  the  rat — is  formed  of 
edlnlar  cartilage,  the  cells  of  which 
■re  smaller  in  siae  than  thoee  of  the 
diorda  domHs,  irr^ularly 
gonal,  and  doeely  packed  together 
■oaa  to  form  a  solid  tissue. 

The   Hyaline  Cartilage  consists 
of  eeQa  imbedded  in  a  pellocid  ot  fi&  u^-cbiii  dI  tba  oniuci. 

'  HDD!  frameimk  ot  Uu  ur 

hyaline  matrix,  which,  under  some    '^  ""  nwue. 

,  bowEver,'  may  assmne  a  dimly  granulated  ap- 
i.  The  xi[]Jioid  and  coatal  cartilages,  the  encnisting 
caitikgM  at  the  articular 
coda  of  the  bones,  the  car- 
tO^cs  of '.  the  nose,  thoee 
irf  the  windpipe,  escept  the 
tyi^ottia  and  comicola  la- 
ryngia,  belong  to  this  vaii^, 
■■  also  tlie  tempoiaij  car- 
tikgea.  In  hyaUne  cartilage  '^  "■-«)'•""  ««^  «««"««. 
the  oeOa  are  ovoid  or  polygonal,  or  even  fusiform,  and 
mmOxBiM  flattened,  the  flattened  form  of  cell  being 
found  oezt  the  snrface  of  the  cartilage.  They  lie  singly, 
<w  in  grtnpi  of  two,  or  three,  or  four;  sometimes  they 
are  anai^ed  in    linear  aeries,  at  other  times  they  are 
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irregularly  grouped  together.  The  cell  ct^ntents  are  dimly 
granular,  witli  a  well-defined  nucleus  containing  a  nuclet^ 
lus.  Not  unfreciuently  two  or  more  nuclei  are  present 
in  a  cell;  and  in  old  cartilage  the  contents  are  often 
coai'sely  granular,  or  even  infiltrated  with  drops  of  oil. 
lleidenhain  has  shown  that  powerful  induction  shock;; 
cause  contraction  of  the  protoj)lasm  of  the  cells  towards  the 
central  nucleus.  The  cells  lie  in  cavities  in  the  matrix 
substance,  and  the  part  t)f  the  matrix  which  funiis  the 
immediate  wall  of  the  hollow  is  named  the  capsule  of 
tlie  cell.  Two  or  more  cells  may  sometimes  lie  in  the 
same  hollow. 

The  matrix  of  hyaline  cartilage  is  usually  honiogeneou>. 
Ill  some  animals  the  matrix  appears  to  have  a  concentric 
arrangement  around  the  cells;  and  RoUett  has  stated  that 
by  the  use  of  dilute  sulphuric  acid  or  chromic  acid  the 
matrix  may  be  made  to  split  up  into  concentric  layers. 
Sometimes  the  matrix  ai>pear.s  granulated,  a  change  which 
is  very  apt  to  occur  in  sections  of  Ciirtilage  which  have 
been  removed  for  some  time  from  the  body.  In  the  c.o>tal 
cartilages  of  old  persons  the  matrix  becomes  fibrous;  and 
it  is  by  no  means  uncommon  to  find  in  advanced  age  these 
bars  of  cartilage  converted  into  bone. 

In  the  articidar  or  encnisting  cartilages  the  arrangement 
of  the  cells  is  quite  distinctive.  If  a  vertical  section  l»e 
made  through  a  plate  of  this  cartilage,  the  cells  next  the 
bone  are  seen  to  be  arranged  in  parallel  rows  peri)endicuLir 
to  the  surface  of  the  bone  on  which  the  cartilage  rests; 
the  cells  are  ^mailer  than  those  of  the  costal  cartila<^^ 
obloni:  in  ftain,  and  the  adjacent  rows  are  sepamted  by 
intermediate   hyaline  matrix.      Near  the  free  surface  of 


packed  together  that 
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the  eutOage  tlie  cells  sre  flattened,  placed  paiallel  to  the 

pliiM  ot  the  aataae,  and  bo  doeely  packed  together  that 

the  proportion  of   mstiiz  is  mach 

ndaced.     In  the  intermediat«  parts 

<d  the  cartilage  the  cells  lie  iiregn- 

bitj  in  the  matrix,  and  ant  roonded 

in  fonn.     It  was  from  the  stody 

d  the  diangee  which  take  place  in 

aiticnlar  cartilage  in   disease  that 

Ooodiirwas  enabled  to  establish  the 

[ndnetion   of    new   cells   b;  the 

mnltiplicition    of    the   nonnal  pre- 

«ii«ting  cdla  of  tiie  cartilBge,— an      ^"S^  £,  "SitS^ 

obanration  which  fonned  the  start-       ""*' 

ing-point  ot  the  modern  doctrine  of  cellnlar  pathology. 

Ftbn-eartilaga  aie  divided  into  white  and  yellow. 
WUu  fibro-cartilage  m^  form  the  connecting  medinm 
between  the  aiticniar  inrfaces  of  an 
anqJnarthnxlial  joint,  as  in  the  inter- 
nrtebnd  diaea;  or  it  may  form  plates  in 
theintericr  of  jointa,  as  in  the  aemi-hmar 
CMtilagea  tS  the  knee  and  the  menisci 
in  other  diartbrodial  joints;  or  it  may 
otcnd  aromod  the  margin  of  the  socket 
of  a  jcint,  as  in  the  cotyloid  ligament  of 
the  hip;  or  it  may  invest  the  surfaces  of  «bro-MrUi«([«  rf 
hose*  over  which  tendons  have  to  play,  *^^ 
M  where  the  tendons  of  the  peronei  mnsclea  play  in  the 
groove  on  the  back  of  the  external  maHeoloa.  In  the 
mtervatcbral  discs,  which  give  tlie  best  iUnstrationa  of 
t  ot  wliite  fibro-cartilage,  the  cells  are  ovoid 
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in  fonn  and  distinctly  nucleated.  Sometimes  two  or  three 
are  grouped  together,  but  not  unfrequently  they  occur 
singly.  They  are  separated  from  each  other  by  short 
fibres  like  those  of  connective  tissue.  In  these  discs  the 
fibrous  matrix  is  always  stronger  and  more  distinct  in  the 
peripheral  than  in  the  central  part,  \Vhite  fibro-cartilage 
is  transitional  between  true  hyaline  cartilage  and  connec- 
tive tissue,  i.e.,  the  cells  possess  the  characters  of  cartilagv 
cells,  whilst  the  matrix,  instead  of  being  hyaline,  is  fibrous, 
like  the  matrix  of  the  connective  tissue. 

The  yellow  elastic  fibro-cartilages  are  the  epiglottis,  the 
coniicula  laryngis,  the  cartilaginous  framework  of  the  auricle 
of  the  human  ear,  and  the  ears  of  mammalia  generally,  and 
the  petrous  end  of  the  cartilaginous  wall  of  the  Eustachian 
tube.  The  cells  are  rounded  or  ovoid,  distinctly  nucleated, 
and  usually  arranged  singly  or  in  pairs.  The  matrix  is  dis- 
tinctly fibrous;  the  fibres,  which  form  a  close  intersecting 
network,  branch  and  sometimes  anastomose.  They  resist 
the  action  of  acetic  acid  like  the  yellow^  fibres  of  connective 
tissue;  and  Bonders  has  described  a  continuity  between 
them  and  the  elastic  fibres  of  the  connective  tissue,  which 
fonns  the  investing  perichondrium  of  this  form  of  cartilage. 
The  yellow  fibro-cartilage  has  no  tendency  to  ossify. 

The  bars  and  plates  of  cartilage — except  the  encrusting 
hyaline  cartilages,  and  the  interarticular,  marginal,  and  in- 
vesting white  fibro-cartilages — are  surrounded  by  a  fibrous 
membrane  or  j'^^richondrium.  In  the  adult  human  Kdy 
cartilage  is  not  penetrated  by  blood-vessels,  but  is  nou^i^hell 
by  the  vessels  which  ramify  in  its  investing  perichondriuuL 
In  the  fcetus,  however,  and  in  the  large  masses  of  cartihige 
whieli  are  found  in  the  skeletoii>  ui"  the  cetacca  and  of  the 
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caitilaginous  fishes,  the  cartilage  is  permeated  by  canals  in 
whldi  blood-vessels  ramify.  The  encrusting  cartilages  are 
Doarished  by  the  blood-vessels  of  the  synovial  membrane 
«>f  the  joint,  which  form  a  vascular  ring  around  the  margin 
of  the  cartilage;  and,  both  in  them  and  in  the  forms  of 
white  fibro-cartilage  that  do  not  possess  a  perichondrium, 
the  vessels  of  the  bone,  to  which  these  cartilages  are  as  a 
rule  attached  assist  in  conveying  nourishment  to  the 
attached  surface  of  the  cartilag&  In  the  movable  joints, 
^ter  the  child  has  b^;un  to  use  its  limbs,  the  synovial 
membrane  b  not  continued  over  the  free  surface  of  the 
:uticnlar  cartilage,  but  stops  at  its  margin  along  the  line 
of  the  vascular  ring.  In  the  foetus,  however,  it  has  been 
btated  that  both  blood-vessels  and  synovial  membrane  are 
prolonged  over  the  free  surface  of  the  articular  cartilage. 
The  termination  of  nerves  in  cartilage  has  not  been  ascer- 
tained. 

In  the  development  of  hyaline  cartilage  the  contents  of 
the  embryonic  mesoblast  ceUs  where  the  cartilage  is  to  be 
pfoduoed,  become  dear,  and  a  cell  waU  differentiates  around 
the  exterior  of  the  celL  The  nuclei  in  the  cells  divide  and 
subdivide,  so  that  a  multiplication  of  the  cells  by  endo- 
genooB  reproduction  takes  place.  Hyaline  matrix  sub- 
stance then  appears  between  the  cells,  and  is  concentrically 
arranged  around  them;  it  is  believed  to  be  formed  by  a 
special  conversion  of  successive  layers  of  the  cell  proto- 
plasm into  a  substance  which  yields  chondrine  on  boiling. 
The  fibroHartilages,  both  white  and  yellow,  but  especially 
the  latter,  yield  but  Uttle  chondrine  on  boiling,  for  the 
fibsooa  matnx  of  the  white  fibro-cartilage  is  a  gelatine 
yielding  substance,  like  the  white  fibres  of   ccnnectivQ 
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tissue,  whilst  the  fibres  of  the  yellow  fibio-cartilage  partake 
of  the  nature  of  elastic  tissue.  The  fibro-cartilages,  there- 
f ore,  form  a  group  which  links  together  the  connective  and 
cartilaginous  tissues. 

Osseous  Tissue. 

The  Osseous  Tissue,  or  Bone,  is  that  which  constitutes  the 
hard  framework  of  the  skeleton.  Each  bone  consists  of  a 
hard,  more  or  less  dense,  tough,  and  but  slightly  elastic  mate- 
rial The  elasticity  of  the  bones  is  more  marked  in  young 
than  in  adult  and  aged  persons.  From  differences  in  their 
external  configuration,  bones  are  divided  into  long  or  cylin- 
drical, e.g,^  femur ;  short,  e.^.,  carpal  or  tarsal  bones ;  flat 
or  plate-like,  e.^.,  scapula;  irregular  bones,  e.^.,  vertebrae. 
These  variations  in  shape  do  not,  however,  involve  differ- 
ences either  in  composition  or  minute  structure.  Bone  con- 
sists chemicaUy  of  an  earthy  and  an  animal  substance  inti- 
mately blended  together.  The  earthy  matter  forms  about 
two-thirds,  and  consists  chiefly  of  phosphate  of  lime, 
which,  from  its  abundance  in  bone,  is  frequently  called 
''bone  earth."  Carbonate  of  lime  and  a  small  proportion  of 
soda  and  magnesia  salts  are  also  present  The  hardness  of 
bone  is  due  to  the  presence  of  the  earthy  matter.  The 
animal  matter  forms  the  remaining  third,  and  yields 
gelatine  on  boiling;  it  imparts  elasticity  and  toughness 
to  the  bone,  and  binds  together  the  particles  of  earthy 
matter. 

Bone  presents  two  different  structural  characters  to  the 
naked  eye.  The  outer  part  of  a  bone  is  its  hardest  part, 
and  forms  a  dense  external  shell,  technically  called  the 
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eompoui  tistue.  The  interior  of  a  bone  is  much  less  firm, 
and  15  made  up  of  thin  delicate  plates  or  bars,  or  trabecles. 
which  intersect  each  other  at  various  angles,  and  form  a 
lattice-like  arrangement,  technically  called  the  spcmgy  or 
camceUaied  tistue,  The  plates  and  bars  of  the  spongy 
tiasoe  are  continuous  with  the  inner  surface  of  the  compact 
tissue.  In  the  long  bones  the  interior  of  the  shaft  is  hol- 
lowed into  a  canal,  named  the  medttUary  eancd,  the  walls 
of  which  are  formed  by  the  compact  tissue,  and  the  can- 
ceQated  tissue  is  found  only  at  the  articular  ends  of  these 
bones;  the  thickness  of  the  compact  tissue  in  a  long  bone 
is  always  greater  at  the  centre  of  the  shaft  than  at  or  near 
the  articular  ends^ 

If  the  outer  surface  of  the  compact  tissue  of  a  long  bone 
and  the  wall  of  the  medulhuy  canal  be  examined  with  a 
pocket  lens,  they  will  be  seen  to  be  riddled  by  multitudes 
ci  minute  orifices,  which  are  the  mouths  of  minute  tubular 
panages  or  canals  that  traverse  the  compact  tissue.  These 
passages  are  named  Haversum  cojuUs,  and  their  arrange- 
ment may  be  studied  by  making  thin  sections  through 
the  compact  tissue,  and  submitting  these  to  microscopic 
exunination,  when  they  will  be  seen  to  pass  longitudinally 
or  very  obliquely  through  its  substance,  so  as  to  terminate 
by  immded  orifices  either  on  its  outer  surface,  or  on  the 
inner  sorCsoe,  which  forms  the  wall  of  the  medullary  canal. 
These  canals  are  connected  together  at  intervals  by  short 
tiansverse  or  oUiqfue  canals.  Owing  to  these  oommunica- 
tioDa  the  dense  oaseous  tissue  is  permeated  by  an  anasto- 
mosing network  of  canals,  which,  as  they  contain  blood- 
mcastli,  may  be  named  vascular  canals.  These  canals  are  cir- 
cular in  transvene  section,  and  vary  in  diameter  from  about 
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_>.-',7,th  t«'  ij/ojth  inch.      They  not  unfroquently  are  dilatc<I 
at  the  iiiiua'  end,    where  they  ojten  into  the  spaces  of    tlif 
e-inccllatcd  tissue.   The  compact  ti>sue  of  all  bones  j«tssfss<.'^ 
a  >y^U'Ui  (-f  canaU  similar  to  tho.^e  found  in  the  Ionic  bout.-, 
but  \\lR-n  l>one  occurs  in  tlie  form  of  very  thin  }>latL-s  thr 
c  luaK  ma\'  be  ab>ent.    In  addition  to  the  Haverr^iau  ean.Ll>, 
irri'uular  >pace-,   named  llnc>r.<i<io   i<i'nr,^  by  Tomes  ami 
he  MorL^\n,  may  al>o  be  i^i^Kiw  in  sections  tln-ouLih  tlie  Ci'ia 
itact  ti<.>ue.     Tlu'V  are  met  with  not  only  in  vounir  V-ut  in 
.idult  bnnes,  and  are  re^'arded  as  produced  by  altsi^rptini. 
of  the  lione  in  tho>e  ]K\rticular  localities.      In  thin  sectiiins 
throuixh  bone,  more  especially  when  the  IlavL-rsian  aiiuls 
arc  transversely  divided,  the  dense  tissue  or  matrix  of  the 
inuie  wliieh  surrounds  the  canals  is  seen  to  be  armuLCed  in 
concentric  rings,  as  if  it  were  built  up  of  a  series  oi  lamtlht 
.superimposed  on  each  other.     These  lamelhe  do  not  at  aM 
times  form  complete  circles,  and  the  nundx'r  which  sur- 
round a  canal  may  vary  fnun  two  or  three  to  half  a  dozen; 
tliey  are  sometimes  called  the  Haversian  lamelhv.      OtluT 
lamelhe  lie  in  relation  to  the  periosteal  surface  of  the  Ixaie, 
and  are  called  peripheral  lamelhe  ;  whilst  others  again  are. 
;us  it  were,  intercalated  between  adjacent  Haversian  syst*^ms 
of  lamella\  and  are  named  intermediate  or  iuterstitiaL      It 
has  been  [lointed  out  by   Shai-pey  tliat  a  bone   lamella, 
after  the  earthy  nratter  La^  been   dissolved   out  by  tin 
action  of  an  acid,  is  made  up  of  multitudes  of  fine  trans- 
parent iibres,  which  intersect  each  other  and  form  a  net- 
work.     r>ut  he  has  further  shown  that  the  lamelke  ai\- 
perforated  by  fibres,  or  bundles  of  libres,  which  iKii^s  through 
them  either  i^eri^endicularly  or  oldiquely,  so   as  to  bolt 
{yljacent   lamelkv  t(^gether.     With  a  little  care,  the  per 
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f'tnitiny  ^bra  of  Sharpey  Duy  be  drawn  oat  of  ihe  holes 
Of  uteketA  in  which  they  are  lodged. 

When  tbin  sectioos  tfarongh  a  macerated  and  dried  bone 
an  examined  nnder  the  higher  powers  of  the  microecope, 
the  lifn^'U*'"^  matrix  is  seen  to  exhibit  a  very  pecaliar 
.ippeaiance,  which  is  characteristic  of  the  osseons  tissae. 
Becweeo  the  sorfaces  of  adjacent  lamellx  irregalarly 
elr,i]gated  spaces,  called  laauur,  are  to  be  seen  in  con- 
siderable nnmbera ;  these  lacnna,  like  the  lamellae  be- 
tween which  they  are  situated,  hare  a  concentric  arrange- 
ment aroond  the  Haversian  canals.  The  lacnnx,  the 
lameUs,  and  the  Haver- 

Kiaa  canal    which   they     ''^^^^^j/.'j.'^-'-^^-^''^''^ 
KurrooDd,  are  sometimes    ■, 
named  a  Havernau  sys-     j 
tern.    From  the  ends  and    "l- 
stdea  of  anyone  of  these 

laeoiue  very  minute  ^^^  jj^-rnmrtfinerti™  inrowm  cm  w 
hranehing  canals,  termed 
tnolintli,  proceed,  which 
penetrate  the  lamelbe  and  anastomose  with  the  cana- 
lictiH  proceeding  from  adjacent  lacnnae,  whilst  the  cana- 
licoli.  springing  from  the  sides  of  those  lacnnte  which 
lie  neamt  to  the  Harersian  canal,  open  on  the  wall 
■if  the  canal  it«elf.  The  lacniue  average  in  length 
y^jth  inch,  and  their  transverse  diameter  is  about 
,^th  inch ;  the  canalicnH  vary  from  Triy^th  to  yi^th 
indi  in  diameter.  When  examined  in  a  dried  bone  by 
tnoantitted  Kght,  the  laeons  look  tike  solid,  black  bodies, 
and  the  canalicwli  leem  to  be  processes  branching  off  from 
tbem,  beoee  they  were  erroneously  called  1^  the  earlier 
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ailieil   to   the 


But   il  . 


But  il"  a  little  turini'tiiitic  I'f 
;  fluid  tUBi)lacc3  thti  air  which 
tlic  lacinKc  anil  caiialieiili  eiiutaiu  in  the  dried  bom-, 
i-eudevs  tliu  iMit  iiKiru  triin^jiaieiit,  ami  atfords  a  sati-^fae- 
tiiry  tli-iiiipn-trati.iii  that  they  aiv,  iii  a  macerated  and  dn,- 
]>.>iie,  n.,t  s..\ia  U.,Iies.  hut  a  ii.ii.iitc  system  of  si,aces  and 
una,t<.m....in-  little  cuiiuU;  and  that  all  tho>e  uliicli  Ue  in 
the  .suae  liaver-ian  system  not  only  freely  communieate 
H-ilh  each  other,  Init,  eitlier  dia'Ctly  or  indirectly,  \vi;li  the 
Haver.-iau  canal  which  tliey  surround. 

crated  ami  dried  l>onc,  such  as  one  ^eO=  in 
and  ill  articulated  t-kcJctons,  and  tJic  stnicture  ol' 
l,  vhich  lia.s  ju.it  hcen  deaoribed,  ie 

Iwne  wLich  has  bet-n  dcjTived 
f  Hcvoral  soft  tissues  by  the  i^r.^ 
.'ss  of  [lUtrcfaction,  nhicli  tb- 
iL'sareofthoutLUosi  ini]"irtanct 
E  II  ill  the  eeonomyof  tilt  bone  in  the 
It...  SS.  —  LMHiilH'llnnl  scrti.m  l'""!?  iiuinial.  A  li*  iLlg  boUt  ir 
'f"L-'''t^i'.^'ro'Sni\lir"'-ii'jL"^'^'''''rl"-'^ori;an,aiidainacerattd 

"'"■' '  livuig  lioiic.      It    is    c.->t-ntial. 

Ihtrofure,  in  studying  the  stmcturi!  of  bone,  that  the 
attention  should  not  be  limited  to  the  aiiiieai-anccs  [irt- 
acnted  by  the  macerated  hone,  but  that  tlic  arranj;eiiieiit 
and  structure  of  its  soft  tissues  should  be  considtied.  The 
soft  ti.->ucM  of  a  bone  are  the  iieiiosteum and  its  [irolonca- 
tious,  the  marrow,  the  miimle  masses  of  nucleatwi  [.ro- 
toplasm  whicli  occu]iy  tin;  lacuna;  of  the  bono,  the  b],H..l 
aLid  lyiii]ih  vessels,  and  the  iicrvcs. 

The   I'll iusliiiM    is   a   strung   libruu=.    membrane   which 
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inTeata'all  the  exterior  of  a  bone,  except  where  the  eBcnut- 
ing  cutilage  ie  oontmnoiu  mth  its  srticiUar  end.  it  is 
■abdirided  into  two  lajren:  a  finn  extenial  fibrous  lajrer 
(Fi&  54,  S  P),  consisting  of  bundles  of  coimectiTa  tissue, 
which  decnasate  with  each 
other  in  nrions  directions,  snd  : 
■midst  which  a  network  of  ' 
■mall  blood-reosels  is  freely  ', 
dittribnted  prior  to  their  pas- 
Mge  inta  the  H&Terwan  fan*!* ; 
a  softer  intamal  layer  (D  P), 
whid  isespedaUj  weU  marked  ,„  „_s«i™  th™«i>  th.  p«i- 
ia  joong  growing  bonea.  This  ^S^^l  ™Sli^°B£U 
•oft  Uyer  p«tly  consists  of  te'J^=^„V^  ,V^' 
nrj  delicate  cooneetiTV  tisane,  t  Umd  at  ika'poioaaam  siuing 
in  iHtich  rounded  or  oral  cells 

an  fomd,  which  gire  off  slender  processes  at  rarions 
pointt  of  their  periphery,  and  partly  of  larger  granular 
cells,  which  lie  next  the  bona  itself.  Processes  of  the  soft 
iaaer  layer  are  prolonged  into  the  Hareiaian  canals,  in 
which,  as  Ooodnr  pointed  ont,  a  layer  of  cellolar  sub- 
■taaee  Ilea  between  the  wall  at  the  canal  and  its  contained 
him  id  rrsTil.  ao  that  these  canah  are  not,  as  in  macerated 
boaes,  ampty  pasaagm,  bnt  are  filled  tip  by  the  blood- 
vaneb  and  the  ceDular  layer. 

Tbo  Marrvm  oecnpiea  the  medullary  canal  of  a  long 
booe  aod  the  qiaces  in  the  eanc«Uatod  tieane  of  bones 
goiarally.  It  oecon  in  two  f«7ns,  red  and  yellow 
■amnr.  Bed  marrow  ia  found  in  the  bonea  of  the  foetus 
gnaally,  and  io  the  cancelli  at  the  plate-like,  short,  and 
itregnlar  bonea  at  a  more  adTanced  period.     It  consists 
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[)riiici[>ally  of  colossal  many-nucloato<l  cells,  the  7n>/r^0(J 
cells  {fuf/clojflttjfs)  of  K()l)iii,  lying  in  a  very  Jelicatc  areo- 
lar tissue,  and  .sui»[>lied  l.^y  a  network  of  caiallary  blo-ul- 
vessels.  It  contains  little  or  no  fat.  Yellow  marmw, 
airain,  is  conip(»scd  of  fat  cells  lying  in  a  delicate  arenlar 
tissue  with  acconii»aiivin^  blood-vesst'ls.  Tlie  areolar  tissue, 
which  suitports  the  marrow  cells,  lines  the  medullary  camd 
and  cancelli,  and  is  named  the  medullarv  meiiihrane.  or 
the  riijlosti  mn. 

In  the  fre.di  hone  the  lacunar  are  not  em]>ty  s]>ace>  as  in 
the  macerated  bone.  They  are  tilled  up  by  micleated  eluiiii» 
of  ja'ntnplasm.  and  are  therefore,  as  (biodsir  was  the  tir.-t 
t(t  show,  the  seats  of  little  masses  of  nucleated  celU.  whicli 
lells  are  the  true  l>'>in-r>,rj>ns('J(  .<.      Tlie  jtrotcj.lasm  t»f  these 

cells  is  ajtparently  pr(»longed  into  the  cana- 
liculi.  Hence  the  hard  ])art  ^^i  the  ossei'Us 
texture  has  within  it  a  svstem  of  nucleated 
cells,  some  of  whieh  oeeui»y  ^^^^*  hvaiiK*- 
and  canaliculi,  while  othei-s  fnrm  a  liuiuL' 
to  the  Haversian  canal-. 

The  blood-ve>^els  of  a  bune  are  abund- 
ant.     It  receives  its  arteries  j»artly  fn»in 
the  small   arteries  wliifh   ramifv   in   the 
i.ran.'ui  ttiN  ..(-   i^eriostcuiu,   tlic   fiuc  branches  of   which 

(  nil)  iiu  tin-  l.u-aiia'    ^ 

!.!.(!  ia:.;iiuuii  oi  A  enter   the    Haversian    canals,    and    fonn 

within  them  an  anastomosing  network  of 
(:i]»illaries  :  pa  illy  through  a  special  arteiy  which  enters 
the  nutrient  canal  in  the  bune,  to  be  distributed  chiefly  t<» 
the  marrow;  partly  thnnigh  small  arteries  which  enter 
openings  in  the  compact  tissue  near  the  articular  extn*- 
mities.      The  veins  uf  bones  are  alst»  abundant.      In  the 


V<; 


OSSEOUS  TISSUE.  169 

caDoellated  tissae  they  are  large,  and  leate  the  interior  of 
the  bone  partly  through  foramina  situated  near  the  articular 
endsy  and  partly  by  a  Tein  which  accompanies  the  artery 
that  traTersea  the  nutrient  canaL  In  the  plate-like  bones 
uf  the  skull  the  veins  lie  in  distinct  channels  in  the  diploe, 
and  in  the  bodies  of  the  vertebra  the  reins  pass  out  through 
laige  holes  in  the  posterior  surface.  Bones  possess  lymph- 
vessels,  but  their  exact  mode  of  arrangement  has  not  yet 
been  aaoertained.  Fine  nerves  accompanying  the  arteries 
which  enter  the  nutrient  and  Haversian  canals  have  been 
traced  into  bones,  and  nerves  end  also  in  the  periosteum. 

It  is  dear,  therefore,  that  a  bone,  hard  and  dense 
thiiogh  its  texture  seems  to  be,  is  yet  hollowed  out  by 
ffpaces,  passages,  and  canab  which,  under  the  several 
names  of  medullary  canal,  cancellated  spaces,  nutrient 
canal.  Haversian  canals,  Haversian  spaces,  lacunse,  and 
wmAli<*tiHj  are  occupied  by  blood-vessels  or  other  soft  tis- 
jfuea.  By  the  penetration  of  blood-vessels  into  the  bone, 
blood  is  conveyed  not  only  to  the  meduUa,  but  into  the 
very  substance  even  of  the  compact  tissae ;  and  there  can 
lie  no  doubt  that  the  nucleated  masses  of  protoplasm  which 
«Kcupy  the  lacunae  and  canaliculi,  and  line  the  Haversian 
canala,  are,  as  Qoodsir  long  ago  pointed  out,  centres  con- 
cerned in  the  nutrition  of  the  matrix  substance  of  the 
bone  in  their  inunediate  neighbourhood.  These  cells, 
together  with  the  periosteum,  the  medulla,  and  their  blood- 
Teaadfl,  are  active  agents  in  the  development,  growth,  and 
nutrition  of  the  osseous  tissue. 

In  the  description  of  the  development  of  the  skeleton, 
it  is  stated  that  the  bones  are  formed  by  ossification  in 
ctitilage  and  fibrous  membrane,  so  that  bones  are  pro- 
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diiced  by  secondary  changes  in  a  pre-existing  material. 
The  mode  of  production  of  the  osseous  tissue  in  the  car- 
tilaginous and  fibrous  tissues  will  now  be  considered,  and 
it  slioukl  be  clearly  understood  at  the  outset  that,  in  iiorniiil 
ossification,  bone  is  not  formed  by  a  mere  calcification  of 
the  matrix  of  the  pre-existing  tissue,  and  a  direct  conver- 
sion of  the  cartilage  or  connective  tissue  corpuscles  into 
bone  curpuscles ;  but,  as  the  researches  of  Sliarpey,  Bruch, 
H.  Miiller,  Loven,  and  Gegenbaur  have  made  known,  is 
due  to  a  development  of  new  corpuscles,  which  Gegenbaur 
has  named  osfeo-blnstSy  accompanied  by  an  abundant  forma- 
tion of  blood-vessels. 

Wlien  the  process  of  ossification  in  temporary  cartilage 
begins,  a  change  takes  [Jace  in  the  arningement  of  its  cells 
at  the  CL'iitre,  or  point,  or  nucleus  of  ossification.  The  cells, 
instead  of  }> reserving  their  irregularly  scattered  arninge- 
ment in  the  matrix,  are  now  collected  into  longitudinal 
i)arallel  rows,  not  unlike  what  was  described  in  a  previous 
section,  in  the  deeper  cells  of  encrusting  cartilage.  In  each 
row  the  cells  lie  with  their  long  axes  transverse,  and 
apparently  multiply  by  a  process  of  fission.  The  cells  ut 
the  end  nf  the  rows  which  lie  nearest  the  centre  of  osv^ific 
cham/e  swell  c»ut  and  become  more  rounded.  Calcification 
of  the  matrix  substance,  which  separates  not  only  the 
parallel  rows  of  cells,  but  also  the  cells  in  the  same  row, 
from  each  other,  then  takes  place,  which  calcification  in- 
cludes also  the  ca}>sules  of  the  cartilage  cells.  A  general 
o[)acity  of  the  cartilage  is  the  result  of  this  calcification, 
and  the  fuitlier  progress  of  ossification  is  rendered  obscure. 
It  is  necessary,  therefore,  to  dissolve  out  by  an  acid  the 
calcareous  mutter,  in  order  to  follow  the  steps  of  the  proce^^. 
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Spaces  or  canals  now  form  in  the  ossifying  cartilage, 
into  which  blood-YesselSy  continuoQS  with  the  vessels  of 
the  peiichondrinmy  are  prolonged.  These  spaces  are  lined 
by  oonoentric  layers  of  small  rounded  cells,  not  nnlike  lym- 
phoid eells  in  size  and  appearance,  and  form  the  medullary 
ipaee$  dt  foetal  cartilage,  whilst  the  cells  and  blood-vessels 
fonn  the  medtdku  Respecting  the  source  of  origin  of 
the  cells  of  this  mednlla,  there  have  been  difficulties  in 
srriTing  at  a  correct  conclusion.  Bome  have  believed 
them  to  be  descended  from  the  cartilage  cells,  though  no 
demonstration  of  their  derivation  from  this  source  has 
erer  been  obtained.  Henhe  conceived  that  they  might  be 
blood  corpuscles  migrated  from  the  blood-vessels  within 
the  spaces.  But  the  recent  observations  of  Stieda  seem 
•stisCsctorily  to  show  that  the  layers  of  medulla  cells  are 
eoBtinuoiis  with  similar  layers  beneath  the  perichondrium, 
which  layers  are  prolonged  along  with  the  blood-vessels  into 
the  medallaiy  spaces  as  they  fonn  in  the  ossifying  cartil- 
age. Bat,  whatever  be  their  derivation,  there  can  be  no 
doubt  that  these  cells  undergo  certain  modifications  which 
are  of  the  atmost  importance  in  the  further  stages  of  the 
onfic  proceaa.  A  few  become  elongated  into  fusiform  or 
stdlate  cofpascles,  like  those  of  connective  tissue ;  others 
have  oil  drops  forming  in  their  interior,  and  become  the 
eeDs  ol  yellow  marrow ;  others  become  the  many-nucleated 
cells  of  red  marrow ;  others,  again,  which  form  the  osteo- 
blasts i»operly  so-caDed,  are  the  direct  agents  in  the  pro- 
dnctioQ  of  the  osseous  tissue  itself. 

The  fcnnation  of  the  medullary  spaces  in  cartilage  is 
owing  to  an  absorption  of  the  calcified  cartilaginous  tissue. 
KoUiker  points  out  that  the  absorption  is  effected  through 
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oodens  of  each  osteo-blast,  and  of  a  small  portion  of  ite 

inrestiiig  protoplaBm,  pieserveB  within  the  hard  matrix  a 

certain  amount  of  soft 

material,  which  being     '7  j 

<leetrof  ed  when  a  bone     i  IP 

u    macerated,    leaves 

the  lacnnary  and  cana- 

licnlar  Bj'stem  already 

described,      lie    for. 


lamelbe,  which  takes 
[Jace  from    the    peri- 
plKiy     towaida     the 
ceotre  of   the  medal-    ' 
laiy  spaces,  neceasarily  fm 

ilimiiiHihMi  the  size  <rf      to  wbtOi  ilw 

the  spaces,  which  then 

form   the    HaTersian     i-^--.  t  —  : -,  ,,,, 

vIMaaiij  bsMmlna  indodtd  Id 

canals.  The  Tascnlar  ^^I  *',V.^:l.?^„';SSl;i'i.„™« 
tod  cellolar  coDt«Dta  «•  M~mtog  u- ft™  ot  h.™J«i  « 
of  theee  canals  are  therefore  the  remains  of  the  oontents 
of  the  tnedollaiT  spacea  of  the  foetal  cartilage,  and  are 
coatimioiia  with  the  deeper  layer  of  the  perioetenm. 

So  long  as  any  cartilage  remains  in  a  fcetal  of  yonng 
bone  the  process  of  replacement  of  the  cartilaginotu  tissue 
I7  the  proper  osseous  tissue  goes  on,  until  none  of  the 
ctttikge  is  left,  except  the  thin  layer  of  encmsting  cartil- 
age at  each  articular  extremity.  Bones  grow  in  length  by 
u  oMificatioa  in  cartilage ;  and  a  proTision  for  their 
Icnptadinal  increase  is  famished  ap  to,  and  even  beyond 
tlw  age  of  puberty,  by  the  plate  of  cartilage  Which  eepai- 
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ates  the  epiphysis  from  the  shaft  of  a  bone.  Thj  ossifica- 
tion of  this  plate  of  cartihige  marks  the  period  when 
growth  ceases  in  the  long  axis  of  the  bone.  But  bones 
also  groAv  in  thickness,  and  this  addition  to  their  girth 
takes  place  by  an  ossification  of  material  situated  at  their 
circumference.  It  has  already  been  pointed  out  that  a 
bone  is  invested  by  a  fibrous  meml>rane,  the  periosteum, 
which  fulfils  for  it  the  same  purpose  as  does  the  peri- 
chondrium for  the  cartilage.  On  the  deeper  surface  of  the 
periosteum,  i.e.,  next  the  bone  itself,  are  osteo-blastic  cells, 
similar  to  those  which  lie  in  the  medullary  sj)aces  of  the 
fcetal  cartilage.  These  cells  pass  through  a  similar  series 
of  changes,  and  produce  successive  layers  of  new  bone  at 
the  periphery.  The  importance  of  the  periosteum  as  a 
centre  of  origin  of  new  bone  has,  indeed,  long  been  recog- 
nised by  both  surgeons  and  pathologists.  The  ])arts  of  this 
membrane  in  which  the  special  bone-producing  power 
resides  is  the  deei>  layer  of  osteo-blastic  cells,  whilst  the 
blood-vessels  furnish  the  pabulum  for  their  nutrition.  If 
strips  of  periosteum  be  removed,  along  with  the  cells  of 
the  deeper  osteo-blastic  layer,  from  a  bone,  and  transplante<l 
to  other  parts  of  the  living  body,  bone  vdW  continue  to  be 
produced  by  their  agency. 

Tlic  intra-membranous  ossification  of  bone  was  first 
recognised  by  Nesbitt,  and  has  been  worked  out  in  most 
of  its  details  by  Sliaq3ey,  Kolliker,  and  Gegenbaur.  The 
tabular  bones  of  the  skull  offer  the  best  illustration  of 
this  mode  of  ossification.  Sharpey  has  pointed  out  that  a 
network  of  minute  spicula  of  bone  forms  in  the  fibrous  mem- 
brane, and  extends  in  radiating  lines  from  the  centre  of  os^d- 
lication  towards  the  cucumference  of  the  bone.    The  ossify- 
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iag  tiasoe  oonaista  of  fibres,  of  multitodes  of  granular  cor- 
piudtt^orosteo-blaBtB^aiidof  b]ood-Tefl8el&  The  osteo-blasts 
ioTest  the  fibres^  but  as  the  mrestiiig  osteo-blastic  cells 
ealcifyy  from  the  periphery  towards  the  nudeos,  they  assume 
a  stellate  eonfiguratioii,  and  pass  through  a  series  of  changes 
similar  to  those  described  in  the  intrarcartUaginous  mode 
of  ossification.  The  fibres,  which  are  in  the  first  instance 
softy  also  calcify  and  contribute  to  the  formation  of  the 
bone.  Here,  howerer,  as  in  the  intra-cartilaginous  ossifica- 
tion, the  actire  agents  in  the  ossific  process  are  the  osteo- 
blastic cells.  The  lamellated  structure  is  due  to  ossifica- 
tion of  sacoessiTe  layers  of  these  cells,  and  the  formation 
of  the  lacons  and  canaliculi  is  owing  to  the  persistence  of 
their  nuclei  with  a  small  proportion  of  unossified  inresting 
protoplasm.  The  increase  in  thickness  of  a  membrane 
bone,  like  that  of  a  cartilage  bone,  takes  place  through 
oenficaticm  in  a  deep  periosteal  layer  of  osteo-blasts.  Hence 
it  foUowi  that,  though  the  tissue  which  precedes  the  appear- 
ance of  bone  in  the  skeleton  is  not  uniformly  the  same, 
in  SQoie  cases  being  fibrous  membrane,  in  others  cartilage, 
there  is  an  identity  in  the  oeaific  process  in  the  two  forms 
of  preexisting  tissue,  in  both  of  which  the  osteo-blast 
ceDa  are  the  active  agents  in  ossification.  The  chemical 
diffooitiation  idiich  takes  place  in  the  protoplasm  of  the 
osteo-blasts  dnzing  bone-formation  is  not  merely  a  caldfica- 
tion,  but  a  coincident  production  of  a  gehitine-yielding 
suhstanee,  within  which  the  minute  calcareous  particles  are 


Stress  has  been  laid  by  some  anatomists,  in  discussing 
Uie  homologies  of  the  several  bones  of  the  skeleton,  on  the 
differeooes  met  with  in  the  place  of  fheir  formation.    Thus, 


17«>  AXATOMV. 

it  iiii.-i  been  sup})u.sed  tli.U  a])i)no  origirLilly  dcvclo[)ed  in  k.\a- 
tiluL^o  oaiiuot  be  IioiuoIol^ous  with  one  oriL^inally  tlevcl<«jKil 
in  tiltrous  menibrane,  and  tliat  a  fundamental  m"r[»h«» 
li»L:;ical  distinction  .shoidd  be  <lra\vn  between  cartilai^e  bnih'> 
.nid  membrane  bones.  lUit  when  it  is  coimidered  that, 
thouiih  the  place  of  formation  may  vary,  the  methi'il  <  t 
formation  is  the  same  m  all  loc  dities,  it  doe>  not  ap[K-a:- 
(hat  so  mnch  importance  shonld  be  attached  to  the  distinc 
tion  between  cartilage  anil  membrane  b.)nesas  it  lias>onk'- 
times  received.  Moreover,  the  ditlerences  between  thix- 
tw(»  varieties  of  bones  are,  dnrin^;  the  growth  of  the  l^.m, 
still  further  dinjinished,  for  in  both  cases  increase  in  thick- 
ness takes  place  in  the  same  kind  of  pre-existing  tisMic. 
and  in  the  same  way,  viz.,  l)y  ossification  of  the  "h-  p 
periosteal  layer  of  osteo-blasts. 

In  the  description  of  the  development  of  bone  in  tiie 
f(L'tus  and  young  person,  the  formation  of  mednllary  spacer 
was  referred  to.  Dut  the  prodnctiou  oi  spaces  in  bone  is 
by  no  means  limited  to  its  early  stau'os  of  growth.  Tlu.- 
meilullarv  canal  in  a  h)ng  bone  can  scarcely  bo  said  to 
exi>t  in  the  bones  of  an  infant's  limbs.  The  hollowinL; 
out  of  the  shaft  of  a  Ion-'  bone  into  a  lariic  canal,  and  the 
enlargement  of  the  spaces  of  the  cancellated  tissnc,  goes  ou 
not  oidy  u[)  to  the  period  of  adult  life,  but  even  to  ad- 
vanced years;  so  that  in  an  old  person  the  relative  size  mI 
this  canal  is  greater  than  in  the  prime  of  life.  The  Haver- 
sian spaces  also,  as  T»)mes  and  De  Morgan  pouitod  out, 
are  produced  by  the  absorption  of  the  lanielke  of  tlk- 
osseous  tissue  surrounding  the  Haversian  canals,  and  the 
production  of  these  spaces  is  constantly  going  ou  during 
tlie  life  of  the  bone.     The  r.ir-siuuses  in  the  cranial  bones 
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aiealao  fonned  by  the  absorption  of  the  diploe,  and  con- 
iequent  separation  of  the  two  tables  of  the  skulL  Bones, 
therefoie,  aie  oigans  which  are  continually  undergoing 
change.  Daring  growth  additions  are  being  made  to  their 
length  and  thickness,  and  additional  laroellas  are  being 
formed  in  the  walls  of  the  Haversian  canals.  At  the  same 
time  a  hdlowing  out  of  spaces  in  their  interior  is  going 
miy  80  that  an  increase  in  weight  commensurate  with  their 
growth  does  not  take  place.  The  interstitial  absorptive 
changes,  whether  occurring  during  growth  or  after  growth 
is  completed,  are  due,  as  KoUiker  has  shown,  to  the  action 
of  the  many-nucleated  colossal  cells,  or  osteo-klasts,  which 
Une  the  walls  of  the  spaces  where  absorption  is  going  on. 
The  development,  modelling,  and  ultimate  configuration 
of  a  heme  are,  theref<»«,  as  has  been  well  expressed  by 
Eolliker,  the  product  of  the  formation  of  osseous  tissue  by 
the  agency  of  the  osteo-blasts,  and  of  its  absorption  or 
destruction  by  the  action  of  the  osteo-klasts. 

From  the  fact  that  osseous  tissue  may  be  produced  either 
in  the  cartilaginous  or  in  the  fibrous  tissues,  and  that  all 
three  contribute  to  the  formation  of  the  skeleton,  it  is 
evident  that  these  tissues  are  closely  allied.  To  express 
this  alliance  they  have  aU  been  grouped  together  under  the 
oonrnkon  term  connective  substances. 

HuscuLAB  Tissue. 

The  Muscular  Tissue  is  that  which  is  actively  concerned 

either  in  the  movem^it  of  parts  of  the  body  on  each  other, 

or  ia  the  movement  of  the  entire  body  from  place  to  place ; 

it  k  the  active  agent^  therefore,  both  in  motion  and  loco- 

M 
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motion.  It  forms  a  large  proportion  of  the  general  mass 
uf  the  body,  is  the  essential  constituent  of  the  musfle.s  or 
tlesli,  and  enters  into  the  formation  of  the  walls  of  the  hol- 
low viscera.  It  consists  structurally  of  threads  or  til>res. 
some  of  which  'are  distinguished  by  being  marked  with 
transverse  strii)es  or  strijB ;  others  have  no  such  markings. 
Hence  it  is  customary  to  divide  the  fibres  of  the  U}uscular 
tissue  into  transversely  stiipcd  fibres  and  non-stripe<l  fibres. 
As  a  nile,  the  strij)ed  fibres  are  collected  together  to  form 
those  muscles  which  are  under  the  influence  of  the  will,  s<» 
that  both  the  nmscles  and  the  fibres  of  which  thev  are 
comi>osed  are  called  voluntary.  One  important  excej»tion 
to  this  rule  is,  however,  met  with,  for  the  nmscular  fibres 
of  the  heart,  though  transversely  striped,  are  involuntarj' ; 
the  will  exercises  no  control  over  the  action  of  the  heart. 
The  n(m-stni>ed  fibres,  and  the  nmscles  into  the  construc- 
tion of  which  they  enter,  are  in  no  instance,  however,  sub- 
ject to  the  influence  of  the  Avill ;  so  that,  without  exception, 
they  may  be  named  involuntary. 

The  X(f}i-s(ri/H'l  or  Iiivoliininrij  fibre,  sometimes  aillcd 
pale  or  smooth  muscular  fibre,  enters  into  the  forma- 
tion of  the  walls  of  the  hollow  ^xscera — t.fj.,  stomach, 
intestines,  bladder,  uterus — of  the  walls  of  the  air-tubes, 
gland-ducts,  blood  and  l^TUph  vessels,  of  the  skin,  and 
various  nmcous  membranes.  The  fibres  are  usually  col- 
lected into  bundles  or  fasciculi,  which  are  not  aggregated 
together  into  such  compact  red  masses  as  in  the  voluntary 
muscles,  but  are  of  a  paler  red  colour,  and  are  set  farther 
apart,  and  often  cross  and  interlace  with  each  other  in  the 
walls  of  the  tubes  and  hollow  \'iscera,  in  which  this  form 
of  muscle  is  found.     The  fasciculi  are  separated  from  each 
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Other  b;  a  delicate,  areolar  cotmectiTe  tissue,  or perimytium. 
The  oze  of  the  fasciciili  Tariea  in  different  localities;  in  the 
hollov  viscera  they  are  so  large  that  their 
VTangement  can  be  obeerred  with  the  oaied 
ejK ;  bnt  in  the  skin,  the  vails  of  gland- 
dncti,  Ac.,  the;  can  only  be  seen  with  the 
aid  of  the  microscope;  If  a  fascicnlus  be 
carrfnlljr  torn  up  with  needles  it  can  be 
reatdTed  into  its  constituent  fibres,  and 
the  nnmber  of  the  fibres  varies  with  the 
nze  of  the  foacicolns.  The  non-striped 
fibres  are  pale  and  almost  colonrlees,  with 
•oft,  ill-defined  oatlines,  from  x>W'l>  ^ 
,^^th  inch  in  diameter;  thejr  are  ronnded  p^ 
is  fcwm  or  laterally  compressed,  and  are  so  SllSJ^nbil'R 
casQy  flattened  by  artificial  pressure,  that  "r flbKMUnn^ 
they  have  erroneously  been  regiwled  as  flat  ^  ^  ""*" 
or  libbcm-ehaped  fibres.  When  digested  for  a  few  hours 
in  dihite  nitric  or  hydrochloric  add,  and  sometimes  even 
witiiont  any  reagent,  the  fibres  may  be  resolved  into  elon- 
ptcd  fusiform  cells — ^the  eotdraiMe  jibro-cflU  of  Kiilliker 
— which  vaiy  in  length  from  ,f,th  to  yf^th  inch,  and 
which  taper  off  osnaUy  into  attenuated  ends.  In  the 
middle  of  each  cell  is  a  characteristically  elongated,  rod- 
shaped  nucleus,  and  sometimes  the  substance  of  the  cell  is 
finely  giaiialar,  or  even  faintly  longitudinally  striped.  No 
cdl  waU  or  sarcolemma  can  be  distingaished.  In  some 
localities,  as  was  pointed  out  by  Lister  in  the  minute 
arteries  in  the  web  of  the  fn^s  foot,  isolated  contractile 
fibro-ceDs  are  wound  spirally  around  the  wall  of  the 
tmmI    The  cell  snbetance  i«ftacts  light  doubly.       < 
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Tlie  Tran^werself/  Striju'd  fibre  is  the  characteristic  tissue 
of  the  vokiiitary  muscular  system,  and  is  found  wherever 
energetic  movements  are  to  be  performed.    In  these  muscles 
the  fibres  are  collected  toirether  in  fasciculi,  which  bundks 
usually  lie  parallel  to  each  other,  and  extend  from  the 
tendon  of  origin  to  the  tendon  of  insertion.     Each  mu>cle 
is  invested  by  a  membranous  sheath  fi;>rmed  of  coimective 
tissue,  the  jHr'iiin/.^'nun  fjiinram,  which  sheath  gives  «.«tf 
processes  tliat  dip  into  the  substance  of  the  nmscle,  so  as 
to  form  delicate  partitions  between  the  fasciculi,  and  from 
these  partitions  still  more  slender  prolongations  of  connec- 
tive tissue,  named  jxriinf/siffni  iuitrhum^  piiss  between  tlu- 
fibres.     The  Inindles  of  the  perimysium  are  described  by 
Thin  as  invested  by  a  layer  of  ilat  cells.     The  nund>er 
and  size  of  the  fasciculi  vaiy  with  the  .size  and  textiiiv 
of   the   nuiscle ;    in   some,    as   the    delt(.>id   and    glutaus 
maxinnis,    the    fasciculi    are    large    and    coarse ;    whilst 
in  others,  as  the  gracilis  and  om(»-hyoid,  they  are  much 
finer.       Tlie    number    of    fibres    in    a   fasciculus    varie> 
with  its  length  and  thickness,  and  the  fibres  which  are 
adjacent    to    each    other    in    a    fasciculus    lie    parallel. 
Tlie     stri[)ed    fibres    are    cylindrical     or    latemlly    com- 
pressed; they  usually  taj)er  off  at  their  extremities,  and 
apparently  do  not,  even  in  nniscles  with  long  fasciculi, 
exceed  \\  inch  in  length.     The  transverse  diameter  of  the 
.strii>ed  fibres  varies,  in  different  localities  in  the  human 
body,  from  j?,7,th  to  r,  iVc^h  inch,  according  to  the  measure- 
ments of  Kiilliker.     Much  wider  differences  in  diameter 
are  found  in  the  animal  series,  in  insects  the  fibres  beiuir 
of    extivme  minuteness,   whilst  in   cold-blooded  animals 
they  are  nmch  larger  than  in  man  and  mammals. 
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*  If  a  fibre  be  carefully  sepArated  from  a  f  asdcdiae,  and 
examined  microscopically  hf  transmitted  light,  transverse 
stripes  may  be  readily  seen  to  extend  across  it  from  side 
to  aide.  These  tmnsrerse  strife  are  not  mere  surface 
marks,  bnt,  as  Bowman  pointed  oat,  pass  through  its 
entire  thickness,  and  lie  parallel  to  each  other.  The  stria- 
tion  is  due  to  the  stroctnre  of  the  fibre,  which  conaists, 
as  was  shown  by  Dobie  in  1848,  of  two  kinds  of  sarcous 
matter,  of  dark  and  light  bands  or  discs,  alternately  dark 
and  light  The  discs  differ,  according  to  Briicke,  in  optical 
properties,  the  light  discs  refracting  the  light  singly — are 
isotropic;  whilst  the  dark  discs  refract  Ught  doubly,  and 
consist  of  an  anisotropic  substance.     Dobie  described  in 

1848  a  dark  line  passing  across  the  hght  disc        

so  as  to  subdivide  it  into  two  halves,  which  ^ 

line  Busk  and  Huxley  showed  to  be  dotted 

and  this  appearance  has  also  been  figured  by 

Sbarpey,  Kianse,  and  others.     It  is  believed    S?-^  _^^ 

to  be  due  to  the  presence   of  a  strongly  l^j=S 

refracting  stripe  in  the  middle  of  the  feebly 

refracting  lightdisc.   Dobie,  and  more  recently 

Hensen,  have  directed  attention  to  a  slender  | 

feebly  refracting  stripe  passing  transversely 

across  the  strongly  refracting  dark  disc,  so  as  '. 

to  subdivide  it  also  into  two  halves.     In  .- ,  -A 

addition  to  the  transverse  strife,  the  fibres  not    '  ~'^  .iL^S" 

nnfreqnently  show  markings  which  extend  ^^'J;,^!^*,^!^ 

bngitudinally,  but  theu  an  irregular   in   "™»>""'"- 

position,  do  not  correspond  to  the  whole  length  of  the  fibre, 

or  necessarily  pass  through  ita  entire  thickness. 

The  trsuBvene  and  longitudinal  markings  indicate  that 
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»  n     c  1  r  f  1  r    li     a  cIl  i      t    n  to   jlit  up  trai  a  er-cly 
or  lu  ^ntu  1      lly  1  t  Her  j  art    1  s      Tl     In  b\  rw. 

n  VI      n      f   11       hbr      :*  ir  d   V 

(1  ,    ■»    ]       e    of  1 

I  u       1       LI         b)  i     1 1  J    L      I 
|p    fair       lie    tl   n    e             d        i        r 

r         a      IIIh.     e    to      I     1 1  IV  Ij 

t     tic      I   ta  cc     f  til.   fair       and     f 
til     I      t        L  w  K  fti  I  n  1     ]  r 

lotij,   I    th     fi    UK".   ld\o     \t     lieu 

I I  t  Ij    Ttn  s  tl  0    fil  r      a  d  ha  t;       I 
".  "„-*  "     "    UiJ  d  It     uto  a    mitt    Ic     f   jkte     r 

^  d  St,  si  ajHjd    Ixd    »        I 

/  Th    e    bscM   ir    tl        tr       ly  a    i 

f    llj    n.f    cti  „    I  e    jl      dy  d       im.1    t    I  tlie  tr 

%  iM,  did     t  r  of      cli    1        c        1      U  t     tl    I  uf  tl 

li        fr  1     U    t  h  s  1K.-C    d        d      Tl     1      at    Ud  1 

1      1      n  til    fil  r    1     1     t  s       1 J  1    t  t 

a  a  1     e    f  1  r         1     t    i 

iu  ,    r       a  ,  1  tl        fir  il      li 

wi       a.  filiru   so   tri;atu(I   he    tt':i-od   out   with 

iR'cdlcs.  iiTid  the  tliin  cuvcriiiy  glass   be 

siiiaitly  tajiiit'd,   tho    fibn;    will    s()lit    \\[< 

IniigituiUniilly  iiiti>  imiltitudos  of  miniiit-. 

doUi^Mtud  tlirtads— till!  M«f„/a!--rihre  ri>,- 

rilliv.       A     fibrilla    ui:xy  1)0    ivpirded    as 

ii-  SI— \  equalling  iu  k'ni,'th  the  fibre  of  which  it 

liIni:mul'in^'ly'"iuiS  f'»""'*^  ^  V^^'  ^"^  '■'>"'*  ''"-'  *''"'^  '^  trans- 

abiuiji  verscly  BtiiiK.tl;    but   its  breadth    is  not 

definite,  and  dt'i^ends  upon  tlia  iniiiulenisi   with    which 

tho  fibre  Iiiis  been  sjilit  up  in  ihu  h)iigitmliiial  dirtctiuu. 
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If  in  the  same  fibre  the  processes  of  transverse  and 
longitudinal  splitting  were  to  go  on  simxdtaneously,  then 
the  fibre  wonld  be  resolved  into  an  immense  multitude 
of  rectangular  particles — ^the  tarccmB  dements  of  Bow- 
man. If  these  particles  be  regarded  as  the  ultimate  sub- 
divisions of  the  fibre,  then  the  discs  may  be  conceived 
to  be  built  up  of  a  number  of  these  particles,  possessing 
similar  optical  properties,  arranged  side  by  side,  so  aa  to 
occupy  the  entire  diameter  of  the  fibre  in  any  transverse 
plane:  whilst  the  fibnllffi  are  built  up  of  the  particles 
arranged  end  to  end,  so  as  to  correspond  to  the  entire 
length  of  the  fibre ;  but  in  this  longitudinal  arrangement, 
particles  with  different  optical  properties,  the  one  singly 
refracting,  the  other  doubly  refracting,  alternate  with  each 
other  with  the  utmost  regularity.  JUnn  describes  the 
fibriUsB  as  collected  into  parallel  bundles,  which  are 
separated  from  adjacent  bundles  by  spaces  lined  by  flat 
cells.  These  spaces  he  believes  to  be  continuous  through 
holes  in  the  sarcolemma,  which  admit  the  nerves,  with 
lymph  spaces  outside  the  sarcolemma,  which  lie  between 
it  and  the  perimysium. 

Another  view  of  the  structure  of  muscular  fibre,  based 
on  observations  on  the  fibres  of  the  water-beetle,  has  just 
been  advanced  by  K  A.  Schafer.  He  describes  the  dark, 
or,  as  seen  in  a  living  fibre,  the  *'  dim  discs,"  as  traversed 
by  mxdtitudes  of  excessively  fine,  dark,  rod-shaped  particles 
parallel  in  their  direction  to  the  fibre  itself,  which  extend 
into  the  contiguous  bright  discs,  near  the  middle  of  which 
each  mtude  rod  ends  in  a  knob-like  extremity,  and  the 
series  of  knobs  form  a  line  of  minute  dark  dots,  passing 
transversely  across  each  bright  disc    The  muscle  rods  are 
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imbedded  in  a  "  groxmd-substance,"  that  forms  the  alter- 
nating dim  and  bright  discs,  which  substance  he  believes 
to  be  anisotropous,  whilst  the  muscle  rods  are  isotropous. 
He  regards  the  ground-substance  as  the  true  contractile 
part  of  the  fibre. 

Each  transversely  striped  fibre  is  invested  by  a  homo- 
geneous membrane,  the  sarcolemina  or  myolemma,  which 
is  so  transparent  as  to  allow  the  characteristic  transverse 
striie  to  be  distinctly  seen  through  it.  The  sarcolemma  is 
so  closely  incorporated  with  the  periphery  of  the  fibre,  that 
its  isolation  and  demonstration  as  a  distinct  membrane  in 
the  fibres  of  the  mammalia  are  attended  with  some  difficulty ; 
but  when  water  is  added  to  the  living  fibre  of  frogs  and  fish, 
it  is  absorbed,  and  elevates  the  sarcolemma  from  the  sarcous 
contractile  particles.  Thin  describes  the  sarcolemma  as 
covered  by  a  layer  of  flat  cells.  If  acetic  acid  be  added 
to  a  muscular  fibre  the  transverse  striae  become  less 
distinct,  and  a  number  of  oval  botlies  come  into  view. 
These  are  especially  to  be  seen  next  the  jKjriphery  of  the 
fibre  in  relation  to  the  inner  surface  of  the  sarcolemma, 
tlioiigh  some  a[>})arently  lie  deeper  in  the  substance  of  the 
fibre.  These  bodies  have  long  been  known  as  the  nuclei 
of  the  striped  fibre.  More  recent  investigations  have,  how- 
ever, shoTvn  that  each  nucleus  lies  in  a  little  finely-dotted 
la'otoplivsm,  which  often  extends  in  a  fusifonn  manner 
beyond  the  ends  of  the  nucleus.  These  nuclei,  with  their 
investing  protopUvsm,  have  the  anatomical  characters  of 
nucleated  cells,  and  are  called  the  muscle  corim^les. 

Some  peculiar  modifications  of  the  striped  muscular  fibre 
are  met  with  in  certain  localities.  As  a  rule,  this  form  of 
fibre  does  not  branch ;  but  in  the  muscles  of  the  tongue 
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and  lip,  and  other  mnsdes  of  the  face,  these  fibres  nsnally 
branch  prior  to  their  insertion,  and  the  branches  taper  off 
to  finely  attenuated  ends.  In  the  heart 
also  the  fibres  branch;  and  the  branches 
of  adjacent  fibres  anastomose,  so  that  the 
muscular  wall  of  this  organ  consists  of  a 
compact  network  of  fibres;  the  individual 
fibres  are  smaller  than  those  of  the  volun- 
tary muscles,  the  transverse  striation  is 
much  less  distinct,  and  it  is  doubtful  if  an 
investing  sarcolenmia  be  present. 

Some  difficulty  has  been  experienced  in 
determining  the  exact  mode  of  connection 
of  the  fibres  of  the  belly  of  a  muscle  with 
those  of  its  terminal  tendons.  By  some  it 
has  been  supposed  that  the  fibres  of  the 
muscle  are  directly  continued  into  the  con- 
nective tissue  bundles  of  the  tendon;  whilst  ''of  theTcSdies  of 
Weismann  has  described  the  muscular  fibre    mnaciiiar  mxn  of 

.•        .         V        ijsAf  «•       the  moDM  with 

as  terminating  in  a  sharply-denned,  rounded,    the  hnndiei  or  the 
or  pointed  extremity,  to  which  the  fibres  of    Tkhk) 
the  tendons  are  closely  apposed. 

Both  the  striped  and  non-striped  forms  of  muscle  are 
well  provided  with  blood-vessels,  which  ramify  in  the  sub- 
stance of  the  muscle  lying  in  the  areolar  connective  tissue, 
or  perimysium,  that  separates  the  fasciculi  and  fibres  from 
each  other.  The  capillaries  form  an  elongated  network, 
the  principal  strands  of  which  lie  parallel  to  the  muscular 
fibres,  but  never  penetrate  the  sarcolemma.  Hence,  though 
the  belly  of  a  muscle  is  a  highly  vascular  organ,  its  individual 
%res  are  extra-vascular.     But  if  Thin's  observations  be 
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correct,  spaces  in  the  interior  of  the  muscular  fibres  are 
continuous  with  the  lymphatic  system.  The  vascularity 
of  the  fleshy  belly  is  much  greater  than  that  of  the  terminal 
tendons  of  attachment,  and  the  nutritive  changes  are  much 
more  active  in  it  than  in  them.  The  mode  of  termination 
of  nerves  in  muscle  will  be  considered  in  the  section  on 
nervous  tissue. 

The  contractile  fibro-cells  of  the  non-striped  muscular 
fibre  are  formed  by  the  gradual  elongation  of  the  rounded 
cells  of  the  middle  germinal  layer,  or  mesoblast,  of  th& 
embiyo  into  spindle-shaped  cells,  the  oval  nuclei  at  the 
same  time  becoming  elongated,  so  as  to  assume  a  rod- 
shaped  form.  Usually  the  spindle  cells  which  lie  in  the 
same  linear  series  become  cemented  together  into  the  smooth 
fibres  of  this  form  of  muscle. 

The  mode  of  development  of  the  striped  fibre  from 
the  mesoblast  cells  is  more  difficult  to  follow  out,  and 
various  statements  have  been  made  as  to  the  successive 
stages  of  its  form^on.  Schwann  believed  that  a  fibre 
was  built  up  of  the  embiyonic  cells  of  the  part,  which 
arranged  themselves  in  linear  series,  coalescing  with  each 
other  at  their  surfaces  of  contact;  that  the  contents  of 
the  cells  then  became  transversely  striated,  and  that  the 
cell  waUs  formed  the  sarcolemma.  Savory  and  Lockhart 
Clarke  maintained  that  a  formation  of  blastema  took 
place  around  free  nuclei,  and  that  this  blastema  gradually 
assumed  the  striated  character.  Bemak,  KoUiker,  Wilson 
Fox,  and  Frey  have,  however,  by  studying  the  eariiest 
stages  of  development  in  the  very  young  embryo,  estab- 
lished the  fact  that  the  striped  fibres  are  developed  from 
the  cells  of  the  embiyo,  though  not  in  the  manner  described 
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by  Schwann.  The  process,  briefly  stated,  is  as  f qUowb  : 
The  embiyoDic  oeDs  elongate,  the  nudeos  may  remain 
sin^e,  bat  more  usually  it  divides  and  sabdivides,  so  that 
many  nndei  appear  in  the  interior  of  the  dongated  celL 
The  nndei  lie  in  linear  series,  and  may  dther  be  separated 
from  each  oiher,  or  two  or  more  may  be  in  contact,  and 
they  may  lie  either  near  the  periphery  of  the  dongated 
cell,  or  in  its  aria.  With  this  multiplication  of  the  nndei, 
the  cell  increases  in  length  and  assomes  the  form  of  a  fibre. 
The  cell  protoph»m,  both  in  the  single  and  many-nudeated 
fibres,  then  differentiates  into  the  sarcons  portides  of  the 
transyerse  striie,  and  as  this  progresses  the  fibre  assomes 
its  diaractmstic  striped  appearanoeL  The  whde  amount  of 
the  protoplasm  does  not,  however,  assume  the  transYorsdy 
striped  appearance,  for  a  small  quantity  remains  around 
each  nucleus  and  forms  with  it  a  muscle  corpuscle.  The 
differentiation  of  the  protoplasm  occasions  an  anatomical 
and  chemico-physical  change  in  the  fibre,  and  confers  on 
it  the  prc^rty  of  energetic  contractility.  W.  Engelmann 
has  endeavoured  to  show  that  the  opaque  anisotropic  discs 
of  the  fibre  are  those  in  which  the  power  of  contractility 
resides,  and  that  the  dear  isotropic  discs  possess  only  elastic 
properties.  The  mode  of  devdopment  of  the  saroolemma  is 
still  somewhat  obscure.  By  some  it  is  regarded  as  the  wall 
of  the  embryonic  ceUs,  which  have  become  metamorphosed 
into  muscular  fibres ;  by  others  it  is  regarded  as  a  special 
differentiation  of  the  protoplasm  at  the  periphery  of  the 
fibre  taking  place  at  the  time  when  the  transverse  striad 
are  being  formed ;  wMLst  by  others  it  is  considered  to  be 
a  special  modification  of  connectiTe  tissue  formed  around 
the  fibre.     In  the  deyelopment  of  the  muscular  fibres  of 
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the  heart,  the  cells  of  tlie  embryo  heart  branch  and  anasto- 
iHDse,  and  the  nuclei  multii)ly.  By  the  transverse  .striatiDU 
of  the  i)rotoi)lasni  of  these  cells  the  branched  muscular  til)res 
of  the  heart  are  produced. 

In  the  growth  of  a  mu-scle  the  individual  fil>res  increa^o 
in  size,  so  that  they  are  bigger  in  the  Jidult  than  at  the 
time  of  birth.  The  observations  of  Budge,  AVei>niann.  and 
lk*ale  show  that  new  fibres  may  also  fonn  in  a  niu:-cle. 
Weisniann  believes  that  this  increase  may  be  due  to  a 
longitudinal  splitting  of  a  pre-existing  fibre  ;  but  Boale 
maintains  that  the  new  fibres  are  i)r(>duced  in  the  musule 
in  the  same  manner  a.s  the  original  fibres  of  the  jKiit. 


The  Xervous  Tissue  and  the  tissues  which  form  the 
l-)lood  and  Lymph  Vessels  will  be  described  in  the  chapters 
on  the  Nervous  and  A'asculur  systems. 


CHAPTEE   V. 


NEEVOUS  SYSTEM. 


Thx  Nervous  System  consists  of  a  number  of  organs 
wliicfa  are  named  respectiyelj  Nerve  Centres,  Nerves,  and 
Peripheral  End-oigana  The  laigest  and  most  important 
Nerve  Centres  are  the  brain  and  spinal  cord,  which  together 
oonstitnte  the  cerebro-spinal  nervous  axis,  and  are  lodged 
in  the  cranial  cavity  and  spinal  canaL  Bat,  in  addition, 
mnneroiis  small  bodies,  nsnally  oval  in  form,  technically 
called  ganglia,  are  sitnated  in  other  localities,  and  form 
smaller  nerve  centres.  The  Nerves  are  white  cords  or 
threads  which  traverse  the  different  regions  of  the  body,  both 
axial  and  appendicular,  for  a  greater  or  leas  distance,  for 
the  purpose  of  connecting  t(>gether  the  other  sab^visions 
of  the  nervous  system.  The  Peripheral  End-oi^gans  are 
minute  structttres  connected  vrith  the  peripheral  extrem-. 
ities  of  the  nervea.  These  end-organs  are  situated  in  the 
akin  and  other  organs  of  sense,  in  the  glands,  blood-vessels, 
and  muscles.  The  nerves  establish  communications  and  con- 
duct nervous  impulses,  either  between  different  nerve  centres, 
or  between  nerve  centres  and  peripheral  end-organs,  so  as 
to  amnrlatf  together  in  their  action  parts  of  the  nervous 
sjstan  often  widely  separated  from  each  other.  Nerves, 
therefore,  are  intemundal  structures.  When  a  nerve  con- 
nects two  nerve  oentree  together  it  is  itUercentral.     When 
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a  nerve  connects  a  nerve  centre  with  a  perii^ieral  end- 
organ,  and  conducts  inipulsCvS  from  the  centre  to  the 
end-organ,  it  is  a  cerdro-periplieral  or  ctnirifiojal  ner\'e. 
When  a  nerve  connects  a  peripheral  end-organ  with  a 
centre,  and  conducts  inii>ulses  from  the  end-organ  to 
the  centre,  it  is  a  piTi])}iero-central  or  cenfn'/Ktal  nerve. 
Owing  t^j  the  different  directions  in  which  impulses  are  con- 
ducted by  nerves,  the  varying  nature  of  their  end-organs, 
and  the  structural  and  functional  differentiation  of  the  nerve 
centres,  or  portions  of  the  nei-ve  centres  in  which  their 
central  extremities  terminate,  nerves  vary  S(>  in  their 
functions,  that  a  classification  of  the  nen'cs,  based  u|)<m 
their  functional  proi>erties,  has  been  proposed.  Of  the 
centro-peripheral  nerves,  those  which  end  in,  and  conduct 
imi)ulscs  to  the  muscles  are  inofor  nerves;  those  which 
end  in,  and  conduct  impulses  to  the  muscidar  coat  of  the 
l>lood-vessels  are  vaso-motor  nerves  ;  those  which  terminate 
in  connection  with,  and  conduct  imi)ulses  to  the  secreting 
cells  of  a  gland,  are  secretory  nerves;  whilst  some  ]>hysio- 
logists  have  named  nerves  which  they  believe  to  terminate 
in  the  tissues  and  to  conduct  impulses  for  the  regulation  of 
their  nutrition,  trophic  nerves.  It  slioidd  be  stated,  how- 
ever, that  it  is  not  yet  absolutely  determined  that  the  cell 
elements  of  the  tissues  have  si)ecial  ncn'es  terminating  in 
connection  with  them  for  the  i)uq)ose  of  exercising  a  direct 
influence  over  their  nutrition.  Should  these  special  nerves 
be  non-existent,  then  the  nutritive  functions  would  be 
influenced  solely  by  the  vaso-motor  nerves,  which  regulate 
the  size  of  the  blood-vessels  and  the  amoimt  of  blood 
which  flows  through  a  part  in  a  given  time.  Certain 
nerves  which  conduct  impulses,  by  virtue  of  which  the 
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fnnctioiial  actiTity  of  a  part  is  anested  or  diminished,  are 
called  inkSbiicry  nerves.  Of  the  periphero-central  nerves, 
those  which  arise  in  the  end-organs  in  the  skin,  terminate 
in  a  nerve  centre,  and  indnoe  in  it  the  molecular  changes 
which  give  rise  to  the  sensation  of  touch,  are  nerves  of 
canmum  senmUon;  those  which  arise  in  the  end-organs  in 
the  eye,  ear,  nose,  and  tongue,  and  induce  in  their  appro- 
priate nerve  centres  the  sensations  of  sight,  sound,  smell, 
and  ta8te,'are  nerves  of  special  sense;  whilst  nerves  which 
candnct  impulses  from  peripheral  end-organs  to  a  nerve 
centre,  and,  instead  of  inducing  in  the  latter  a  sensation, 
have  the  impulses  reflected  to  other  nerves,  are  r^lex 
nerves.  When  the  impulses  are  reflected  to  motor  nerves, 
they  are  exdUHsuAory;  to  secretory  nerves,  exdto-secretory ; 
to  inhibitoiy  nerves,  excUo-inhibUory,  In  some  fishes 
which  possess  electrical  organs,  nerves,  named  electric 
nerves,  conduct  impulses  to,  and  set  in  activity  the  batteries 
from  fdiich  electrical  shocks  are  discharged. 

The  nerve  centres,  nerves,  and  peripheral  end-organs  are 
amnged  in  two  groups  or  systems — a  Cerebro-spinal  and 
a  Sympathetic.  The  Cerebro-spinal  nervous  system  con- 
sists of  the  brain  and  spinal  cord,  the  nerves  which  arise 
from  or  terminate  in  these  large  centres,  the  small  ganglia 
connected  with  these  nerves,  and  the  end-organs  at  their 
peripheral  terminations.  The  Sympathetic  nervous  system 
eonsistB  of  the  sympathetic  ganglia,  with  their  nerves  and 
eodHMpuiSb 
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Nervous  Tissue. 

The  several  i)arts  of  the  nervous  system  are  not  uniform 
in  colour,  some  being  white,  otliers  grey.  The  nerves, 
at  least  those  of  the  cerebro-si)inal  system,  are  invariably 
white,  and  white  masses,  variable  in  size,  are  met  with 
in  the  brain  and  s[)inal  cord;  they  constitute  the  white 
matter  of  the  nervous  system.  In  the  nerve  centres,  both 
of  the  cerebro-spinal  and  sympathetic  systems,  grey  matter 
is  found,  sometimes  in  considerable  quantities.  This  grey 
colour  is  so  characteristic,  that  it  may  be  regarded  as 
marking  the  position  of  a  nerve  centre. 

The  nervous  system  2K)ssesses  a  characteristic  form  of 
tissue — the  nervous  tissue — which  in  part  consists  of  fibres 
(Xerve  Fibres), and  in  part  of  cells  (Xerve  Cells).  The  nerve 
cells  are  fimnd  in  the  grey  matter — that  is,  in  the  nerve 
centres — and  sometimes  also  in  the  peripheral  end-organs. 
The  nerve  fibres  constitute  the  nerves,  enter  into  the  nerve 
centres,  and  pass  into  the  peripheral  end-organs;  they  f(»rni 
the  white  matter.  But  in  addition  to  the  characteristic 
nervMius  tissue,  the  nervous  system  also  contains  a  C(»n- 
sideral)le  quantity  of  connective  tissue,  mmierous  blood- 
vessels, and  some  lym[)h  vessels. 

jVrrre  Flhns. — Xerve  fibres  are  of  two  kinds  :  n^  tJie 
white,  medidlated,  or  dark-l)orclered  fibres,  which  are  the 
characteristic  fibres  of  the  cerebro-si)inal  nervous  system, 
though  they  do  also  sparingly  occur  in  the  symj^atlietic 
system ;  h,  the  jude,  non-medullated,  or  gelatinous  nerve 
fil)res,  which  are  the  characteristic  fibres  of  the  sympa- 
thetic nervous  system. 

Mtdnllfitt'd  Xerve  Fibres. — To  examine  the  structure  of 
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these  fibres^  a  portioii  of  a  cerebro-epinal  nerve  may  be 
•eleeledL    In  the  fint  place,  it  vfll  be  seen  to  be  invested 
bj  a  sheath  of  eonneetive  tissne,  the  penneuriMm^  which 
gives  off  pfoeesses  that  pass  into  the  nerve,  and  subdivide 
it  iato  fssfflrnli  or  fonieali     Each  fafldcohis  is  in  its  turn 
eompoaed  of  nenre  fibres,  which  are  separated  from  each 
oCkar  fay  bandies  of  delicate  connective  tissue,  prolonged 
from   the   parineoiinm,  in  which  the   nutrient  Uood- 
of  the  nerve  ramify.    The  perineuiial  connective 
iufesUwg  a  £bscicii1iis^  presents,  vdien  treated  with 
nitnto  of  silver,  pofygonal  markingB,  which,  as  Banvier 
ahowed,  are  the  ootliiies  of  a  hyer  of  flat  endothelial- 
like   eells.      The  siae  of   a   nerve   is   in   relation   to 
the  Domber  and  siaa  of  its  fudcufi,  and  the  sixe  of  a 
iHeicohis  is  in  rehtkn  to  the  number  of  its  fibiesi    The 
fibres  and  the  fasocnli  lie  parallel  to  each  other  in  the 
nerve ;  but  as  nerves  branch  at  intervals,  the  more 
of  the  faecimli  diveige  from  the  main  stem  to 
Ions  the  branches.    In  the  white  matter  of  the  brain  and 
sfual  eord  the  nerve  fibres  are  not  arranged  in  such 
definite  fradcoK  as  in  a  distributoiy  nerve,  and  the  con* 
11  life  tisBoe  between  the  fibres  ia  the  soft,  delicate  form 
caDed  nenro^ia. 

A  aednlktei!  nerve  fibre  is  an  elongated  cylinder,  which, 
whan  ^**»«^****  in  the  body  of  a  living  animal,  or  im*- 
mftdiatriy  after  lemoval  from  tiie  living  body,  oonaista 
appmently  of  a  aoft,  homogBneoaa,  or  |^assy*looking  sub- 
encloeed  within  a  limiting  membrane.  When  ex- 
some  tnae  after  death,  or  after  the  addition  of  re- 
as  wmbBi^  spirit^  ether,  collodion,  acetic  add, dbc, 
it  kees  its  homogaaeooa  aspect^  and  the  following  stmc- 
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tores  can  be  distingnishod  in  it :  a  (Fig.  63),  a  delicate  tnns- 
parent  inveeting  membrane,— the  BtMsalled  tubular  or 
primitive  maabrtme,  or  nenri- 
lenuua ;  c^  a  delicate  thread, 
extending  along  the  axis  of 
the  fibre, — the  axial  eylindir 
or  central  band  of  Bemak ; 
B,  a  subHtsnoe  which  lies  be- 
tween the  primitive  mem- 
brane  and  the  axial  cylin- 
der,— the  white  subetance  of 
(  Schwann,  or  the  nudvilary 
.'■^."'^  *A«iiA.     Within  the  external 


outline  of  the  fibre,  formed  by 


fbTriTtti'tewrttoiiSJI^i™  second  line,  not  quite  paiaUel 
""^  to  the  first,  and  the  preaence 

of  these  two  lines  gives  to  the  fibre  a  chaiacteristic 
double-contoured  appearance.  The  inTesting  membrane 
is  a  perfectly  pellucid,  homogeneooa  ertmctare,  with  nuclei 
arranged  at  interrala  in  it.  It  ia  believed  la  be  abeeat 
from  the  nerve  fibres  in  the  brun  and  spinal  cord,  aa 
well  aa  at  the  peripheral  terminations  of  many  nerves. 
The  medullary  sheath  ia  a  fatty  and  albnminoua  sub- 
stance, which  refracts  the  light  strongly.  Not  uain- 
quently  it  collects  into  little  ball-like  masses,  and  some- 
times causes  irr^olar  bulgings  on  the  fibre,  and  pro- 
duces a  knotted,  varicose  appearance;  at  other  timea  it 
becomes  granular,  and  makes  the  fibre  opaque.  By  gentle 
pressure  it  can  be  squeezed  out  of  the  broken  end  of  a 
fibre.     Ranvier  has  described  the  mednllaiy  sheath  as, 
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into  segments  ^m  breaks  in  its  continuity,  occur- 
ring  at  intervals  in  the  fibre.  These  breaks  have  been  called 
the  moda  of  Banvier.  The  axial  cylinder  is,  however,  pro- 
longed across  the  node  from  one  segment  to  the  other, 
and  ia  sorronnded  at  the  node  merely  by  the  primitive 
membrane. 

The  axial  cylinder  is  a  pale,  grey,  cylindrif orm  band, 
nsoally  abont  one-third  or  one-fourth  the  diameter  of  the 
fibre,  which  possesses  more  tenacity  than  the  medullary 
sheath,  and  not  nnfrequently,  as  in  Fig.  63,  2,  projects  for 
some  distance  beyond  the  broken  end  of  a  fibre.  Max 
Scfanltie  showed  that  it  is  not  homogeneous,  but  exhibits  a 
delicate  longitudinal  fibrillation,  and  at  the  ends  of  the 
Xhsmt  primitive JubrilUe  may  separate  from  each  other. 
Ahhon^  from  its  great  delicacy  the  axial  cylinder  can- 
not be  seen  in  the  living  fibre  of  a  cerebro-spinal  nerve, 
yet  there  are  many  reasons  for  regarding  it  as  a  structure 
^^gjatig  in  the  living  nerve,  and  not  the  product  of  a  pott 
wfortem  change.  It  is  the  part  of  a  fibre  which  first  appears 
in  the  couxse  of  development — the  medullary  sheath  and 
primitive  memlnuie  being  secondary  investing  structures, 
superadded  as  development  proceeds.  It  forms  not  un- 
frequently  the  only  constituent  of  a  nerve  fibre  at  its 
central  and  peripheral  terminations,  and  is  therefore  the 
part  of  the  fibre  which  is  anatomically  continuous  vdih  the 
nerve  cell,  or  with  the  peripheral  end-organ.  As  it  is  the 
sole  constitaent  of  many  nerve  fibres  at  their  terminations, 
and  of  all  nerve  fibres  in  the  earlier  stage  of  development, 
and  as  it  forms  the  medium  of  connection  between  them 
and  the  stractnres  in  which  they  terminate,  it  is  obviously 
of  primary  importance,  both  anatomically  and  physiologi- 
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caUj,  and  is  believed  to  be  the  part  of  the  fibre  directly 
ooncemed  ia  the  condnction  of  nervooB  impolBes;  whilst  tile 
investing  structures  serve  the  purpose  of  insulating  mate- 
rials. Lister  and  I  pointed  out^  in  1859,  that  essential 
differences  in  chemical  composition  existed  between  the 
axial  cylinder  and  the  medullary  sheath ;  the  former  being 
unaffected  by  chromic  acid,  though  the  latter  is  rendered 
opaque  and  brown,  and  concentrically  striated  under  its 
influence ;  while,  on  the  other  hand,  the  axial  cylinder  is 
stained  red  by  an  ammoniacal  solution  of  carmine  with 
great  facility,  although  the  medullary  sheath  is  unaffected 
by  it  We  further  showed  that  these  differences  in  the 
mode  of  action  of  chromic  add  and  carmine  mi^t 
advantageously  be  employed  in  the  demonstration  of  the 
structure  of  nerve  fibres.  Ranke  has  subsequently  stated 
that  the  axial  cylinder  possesses  an  add,  and  the  medullary 
sheath  an  alkaline  reaction. 

The  presence  of  a  layer  of  flat  cells  between  the  primitive 
membrane  and  the  white  medullary  substance  has  recently 
been  described  by  Thin. 

Medullated  nerve  fibres  vary  materially  in  diameter  in 
different  parts  of  the  nervous  system.  In  the  brain,  for 
instance,  they  are  sometimes  as  fine  as  the  rrfinr^  inch; 
whilst,  in  the  distributory  nerves,  fibres  of  xJtu^  ^  ^^ 
inch  in  diameter  may  be  seen ;  though  it  should  be  stated 
that,  even  in  the  nerves  of  distribution,  fibres  of  great 
minuteness  are  often  placed  in  the  same  bundle*  with  those 
of  the  largest  sice.  Nerve  fibres  do  not  branch  in  their 
course,  but  only  at  their  central  or  peripheral  terminations, 
and  much  more  frequently  at  the  latter  than  the  former. 

Non-fMdullated  Nerve  Fibrea, — ^These  fibres,  which  are 
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chanctetiwd  by  the  abwnea  of  a  medulkr^  Blmlii,  are 
chiefly  found  in  tlie  sympaithetic  nQiroos  Byetem,  but  they. 
occur  also  in  the  cerebro-spinal  syBtem.  The  fibres  of  the 
olfactory  nerve  are  oon-medullated,  so  also  are  the  peri- 
pheral tenninaliooa  of  the  cerebrospinal  nerves,  and  indeed 
all  nerve  fibra  in  the  fiist  stage  of  their  develoimieiiL  In 
PetmmyKM  it  haa  been  stated  that  all  the  nerve  fibres  are 
distinguished  1^  the  absence  of  a  medullary  sheath. 

This  fonn  of  nerve  fibre  consists  of  pole  grey,  tronaluoent, 
flattened  banda,  the  ^iW^  ^  tAt^^  "x=^  "> 
diameter.     They  uaually  appear  as  if  hcono- 
geneons  or  &intly  giannlar;  but  Schohze 
showed  that,  when  caiefoUy  examined,  they 
present  a  delicate  fibrillated  appearance,  like 
that  seen  in  the  axial  cylind«  of  a  meduUated 
nerve;   henc^  like  that  cylinder,  they  are 
supposed  to  be  contpoeed  oi  multitudes  of 
extmnely  delicate  piimitive  fibrills  imbedded 
in  a  finely  granulated  material    Bcanetimea 
these  fibres  consist  solely  <A  this  filnillated  ^ 
material,  at  other  tunes  they  are  invested  by 
a  sheath  similar  to  the  primitive  membrane    med'aiia^sD 
of  a  medullated  fibre.     Noclei  are  also  foond    <'™>  *^  vm- 

pUliarta      ft- 

botb  in  the  substsnoe  of  the  fibre  and  in  '™- 
relation  with  the  primitive  membrantv  The  prMsnce  of 
multitudcB  of  fibres  in  the  sympaUietic  nervons  system, 
formed  either  entirely,  or  almost  entirely,  of  a  material 
precisely  similar  in  stiuctore  to  the  axial  cylinder  of  a 
medullated  fibre,  and  by  which  the  proper  function  of  the 
fibre  can  alone,  therefore,  be  exercised,  is,  of  course,  an 
additional  argument  to  those  previously  advanced,  in 
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f  aronr  of  the  ezistence  of  the  axial  cylinder  as  a  nonnal 
constitaent  of  the  fibre,  and  of  its  fnnctioDal  importance. 

Nervt  CdU, — ^Nerre  cella  oonstitiite  an  important  diviaion 
of  the  nervoiiB  tiasua  They  are  the  chazacteiisfeic  atractnreB 
in  the  nerve  oentreByareBoaoeptible  toimpreeaionB^cvneryoiia 
i  mpolaes,  and  are  the  textore  in  which  the  molecular  dianges 
uccor  that  produce  or  disengage  the  special  form  of  eneigy 
named  nerve  energy,  the  evolution  of  which  is  the  distino- 
tive  mark  of  a  nerve  centre.  The  central  extremities  of  the 
nerve  fibres  lie  in  relation  to,  and  are  often  directly  con- 
tinous  withy  the  nerve  cells.  It  was  at  one  time  thought 
that  nerve  cells  were  globular  in  form ;  but  it  is  now  gene- 
rally understood  that,  though  the  body  of  the  cell  is  not 
unfrequently  globular,  two  or  more  processes  or  poles 
project  from  it,  and  are  continuous  with  its  substance. 
Nerve  ceUs  are  distinctly  nucleated ;  the  nuclei  are  usually 
large,  and  contain  one,  and  often  two  nucleoli.  The  cell 
substance  is  granular  and  fibrillated,  and  not  unfrequently 
brown  or  yellow  pigment  is  collected  around  the  nucleus. 
A  cell  wall  is  sometimes  apparently  present,  though  at  others 
it  cannot  be  demonstrated.  The  nerve  cells  in  the  grey 
matter  of  the  brain  and  spinal  cord  are  imbedded  in  the 
neuroglia.  In  the  smaller  nerve  centres,  as  the  sympathetic 
ganglia  and  the  ganglia  on  the  posterior  roots  of  the 
spinal  nerves,  the  nerve  cells  are  surrounded  by  a  capsule 
of  connective  tissue.  Frantael,  KoUiker,  and  others,  have 
described  this  capsule  as  lined  by  an  endothelium  formed 
of  flattened  cells. 

Nerve  cells  from  which  two  poles  or  processes  proceed 
are  called  Upolar.  Characteristic  specimens  of  these  oeUs» 
as  was  first  pointed  out  by  Robin  and  R*  Wagnor,  may  ba 
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Recognised  withont  difficulty  in  the  ganglia  on  the  posterior 
roots  of  the  spinal  nenres  of  fishes,  and  it  is  probable  that 
similar  ceUs  exist  in  the  corresponding 
centres  in  other  vertebrates.  These  ceUs 
osnally  possess  a  globular  body,  though 
sometimes  it  may  be  elongated;  and  from 
opposite  points  of  the  surface  of  the  body 
a  strong  process  is  given  oS,  which  is 
directly  continued  into  a  nerve  fibre. 
The  axial  cylinder  of  the  fibre  is  con- 
tinuous with  the  cell  substance,  and 
Schultze  has  shown  that  both  exhibit  a 
delicate  fibrillated  structure.  The  medul-  ^^  es.— bidou  r 
laiy  sheath  and  the  primitive  membrane  Sm«^raB  mb^ 
are  also  usually  continued  from  the  fibre  the  minai  gaaffUoii 
over  the  nerve  eelL  Hence  these  bipolar 
cells  seem  to  be,  as  Schultze  expressed  it,  nucleated 
enlaigements  of  the  axial  cylinder. 

A  remarkable  modification  of  the  bipolar  nerve  cell, 
carefully  studied  and  described  by  Lionel  Beale,  is  found 
in  the  sympathetic  ganglia  of  the  frog.  The  ceUs  are 
pear-shaped,  and  from  the  narrow  end  of  the  pear  two 
nerve  fibres  arise,  one  of  which,  called  the  straight  fibre, 
forms,  as  it  were,  the  stalk  of  the  pear ;  whilst  the  other, 
or  spiral  fibre,  winds  spirally  round  the  straight  fibre,  and 
then  passes  away  from  the  cell  in  the  opposite  direction. 
Both  fibres  are  nucleated,  and  at  their  origin  consist, 
apparently,  of  axial  cylinder  substance  only ;  but  in  their 
course  they  may  acquire  both  a  medullary  sheath  and  a 
primitive  membrane.  The  straight  fibre  passes  into  the 
interior  of  the  cell  substance,  and  Arnold  and  Courvoisies 
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favour  of  the  existence  of  the  axial  cylinder  as  a  nonnal 
constituent  of  the  fibre,  and  of  its  functional  iuaportance. 

Xen'e  Cells. — Nerve  cells  constitute  an  important  division 
of  the  nervous  tissue.  They  are  the  characteristic  structures 
in  the  nerve  centres,  are  susceptible  to  impressions,  or  nervous 
iini)ulses,and  are  the  texture  in  which  the  molecular  changes 
occur  that  jiroduce  or  disengage  the  si)ecial  form  of  energy 
named  nerve  energ}%  the  evolution  of  which  is  the  distinc- 
tive mark  of  a  nerv^e  centre.  The  central  extremities  of  the 
nerve  fibres  lie  in  relation  to,  and  are  often  directly  con- 
tinous  'with,  the  nerve  cells.  It  was  at  one  time  thouglit 
that  nerve  cells  were  globular  in  fonn  ;  but  it  is  now  gene- 
rally understood  that,  though  the  body  of  the  cell  is  not 
unfrequcntly  globular,  two  or  more  ])rocesses  or  poles 
project  from  it,  and  are  continuous  with  its  substance. 
Nei've  cells  are  distinctly  nucleated ;  the  nuclei  are  usually 
large,  and  contain  one,  and  often  two  nucleoli.  The  cell 
substance  is  granular  and  fibrillated,  and  not  unfrequcntly 
brown  or  yellow  pigment  is  collected  around  the  nucleus. 
A  cell  wall  is  sometimes  apparently  present,  though  at  others 
it  cannot  be  demonstrated.  The  nerve  cells  in  the  grey 
matter  of  the  brain  and  spinal  coitl  are  imbedded  in  the 
neuroglia.  In  the  smaller  nerve  ceutres,  as  the  symi)athetic 
g:inglia  and  the  ganglia  on  the  posterior  roots  of  the 
spinal  nervx»s,  the  nerve  cells  are  surrounded  by  a  capsule 
of  connective  tissue.  Friintzel,  KoUiker,  and  others,  have 
described  this  ca^xsulo  as  lined  by  an  ond<ithelium  formed 
of  flattened  cells. 

Nerve  cells  from  which  two  poles  or  pixxiesses  proceed 
are  called  hipolar.  Characteristic  si)ccimeus  of  these  cells, 
as  was  first  poLuted  out  by  Kobin  and  R.  Wagner,  may  be 
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recognised  without  difficulty  in  the  gan^  on  the  posterior 
roots  of  the  spinal  nerves  of  fishes,  and  it  is  probable  that 
similar  cells  exist  in  the  corresponding 
centres  in  other  vertebrates.  These  ceUs 
usually  possess  a  globular  body,  though 
aometiines  it  may  be  elongated;  and  from 
opposite  points  of  the  surface  of  the  body 
a  strong  process  is  given  off,  which  is 
directly  continued  into  a  nerve  fibre. 
The  axial  cylinder  of  the  fibre  is  con- 
tinuous with  the  cell  substance,  and 
Schultse  has  shown  that  both  exhibit  a 
delicate  fibrillated  stracture.    The  medul-  ^ 

neire  ceU,  with  two 
«*rjr  BuoMoi  Auu  uio  yAiiuxuTv?    uioiiit/xi»u«7     nerre    flbrM    eon- 

are  also  usually  continued  from  the  fibre    thlT^iui  ganguon 
over  the  nerve  eelL    Hence  these  bipolar 
cells  seem  to  be,  as   Schultze  expressed  it,  nucleated 
enlargements  of  the  axial  cylinder. 

A  remarkable  modification  of  the  bipolar  nerve  cell, 
carefully  studied  and  described  by  Lionel  Beale,  is  found 
in  the  sympathetic  gangjlia  of  the  frog.  The  cells  are 
pear-shaped,  and  from  the  narrow  end  of  the  pear  two 
nerve  fibres  arise,  one  of  which,  called  the  straight  fibre, 
forms,  as  it  were,  the  stalk  of  the  pear ;  whilst  the  other, 
or  spiral  fibre,  winds  spirally  round  the  straight  fibre,  and 
then  passes  away  from  the  cell  in  the  opposite  direction. 
Both  fibres  are  nndeated,  and  at  their  origin  consist, 
apparentiy,  of  axial  cylinder  substance  only ;  but  in  their 
eourse  they  may  acquire  both  a  medullary  sheath  and  a 
primitive  membrane.  The  straight  fibre  passes  into  the 
interior  of  the  cell  substance,  and  Arnold  and  Courvoisier 
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and  aides  of  ib»  pyonid*  la  the  grey  matter  w  tjie  auiiace 
of  the  oerebellom  the  body  of  the  cell  is  ahnoat  globular ; 
horn  that  aspect  of  the  cell  which  is  directed  towards  the 
white  matter  a  slender  central  process  arises;  from  the 
opposite  or  peripheral  aspect  of  the  cell  two  strong,  antler- 
like branching  processes 
extend  for  a  considerable 
distance  (Fig.  82).  In  the 
hmnan  sympathetic  gan- 
glia,  again,  the  stellate 
form  of  cell  prevails,  and 
the  existence  of  a  cap- 
sole  of  connective  tissue 
around  the  individual 
cells  can  be  recognised 
(Fig.  67).  The  processes 
which  arise  from  a  multi* 
polar  nerve  cell,  as  a 
rule,    divide    and    Bub- ^^^_^,,,^^,^^,^t^p^„„^ 

i1fvi<]A  AJi  f liAv  naaa  awav     o'  anterior  ooran  in  the  ipinal  cord.    A  C, 

oxvioe  as  iney  pass  away  Bon-brMchedttUi^syUndSmrocwidimay 
from  the  body  of  the  cell,    «>ttt4i«0Mwiui»nery«flbw. 

until  at  last  they  give  rise  to  branches  of  extreme 
tenuity.  These  branching  processes  apparently  consist 
exclusively  of  cell  protoplasm,  and  have  been  called 
prdopkuni  proeeuet.  Gerlach  has  described  the  proto- 
plasm processes  of  the  multipolar  nerve  cells  of  the  brain 
and  spinal  cord  as  forming  an  excessively  minute  network, 
from  which  minute  medullated  nerve  fibres  arise;  and  F. 
BoU  conceives  that  a  similar  arrangement  occurs  in  the 
cells  of  the  cerebellum.  One,  at  least,  of  the  processes  of  a 
multipolar  nerve  cell  does  not  branch,  but  becomes  directly 
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continaoiiB  with  a  nerve  fibre,  and  haa  been  named  the  cudal" 
cylinder  proeess  (Fig.  68).  This  process  was  first  recog- 
nised by  Deiters  in  the  cells  of  the  spinal  cord ;  but  Hadlich 
and  Eoschennikoff  have  since  described  the  central  process 
of  the  cells  of  the  cerebellam  as  continuous  with  a  medullated 
nerye  fibre;  and  the  latter  observer  has  pointed  out,  that 
from  the  base  of  a  pyramidal  nerve  cell  in  a  cerebral  con- 
volution a  process  may  be  traced  directly  into  a  nerve  fibre. 
Hence  it  would  appear  that  the  multipolar  nerve  cells  may 
have  two  modes  of  union  with  nerve  fibres^-one  directly 
through  the  passage  of  the  non-branched  axial-cyHnder  pro- 
cess into  a  fibre,  the  other  through  the  origin  of  fibres  from 
the  minute  network  in  which  the  branched  protoplasm 
processes  terminate.  The  branched  processes  of  adyacent 
nerve  cells  may  also  blend  with  each  other,  so  as  to  form 
an  anastomosing  cell  network,  though  these  anastomoses 
are,  in  all  probability,  not  so  frequent  as  was  at  one  time 
supposed.  Schultze  has  pointed  out  that  not  only 'the 
protoplasm  substance  of  the  body  of  -a  multipolar  nerve 
cell,  but  both  the  non-branched  and  branched  processes, 
possess  a  fibrillated  structure  similar  to  that  described  by 
him  in  the  axial  cylinder  of  the  nerve  fibres. 

Peripheral  EndrOrgoM  or  End  Bodies. — ^Nerve  fibres  at 
their  peripheral  extremities  terminate  in  connection  with 
peculiar  structures, named  endrhodiea^terminal  bodie$,OT peri- 
pheral au^or^afM,  which  are  situated  in  the  several  organs  of 
the  body.  The  motor  nerves  end  in  the  voluntary  and  in- 
voluntary muades;  the  vaso-motor  nerves  end  in  the  mua- 
cular  coat  of  the  blood-vessels;  the  sensory  nerves  end  in 
the  skin,  mucous  membranes,  and  organs  of  special  sense; 
and  it  ia  probable  that  secretory  nerves  terminate  in  con- 
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nection  with  the  ultimate  cell  elements  of  the  secreting 
glands.  The  end'^rgans,  connected  with  the  terminations 
of  the  nerves  in  these  textures,  possess  certain  stnictural 
pecoliaiitiesy  which  are  by  no  means  uniform  in  the 
different  parts,  so  that  the  end-body  connected  with  the 
peripheral  termination  of  a  nerve  is  distinctive  of  the  organ 
in  which  it  is  situated.  It  will  be  a  matter  of  convenience 
to  defer  the  consideration  of  the  peripheral  end-bodies  in 
the  skin,  organs  of  special  sense,  and  the  several  glands, 
until  these  parts  are  described.  In  this  chapter  the  mode 
of  termination  of  the  motor  nerves  in  the  voluntary  and 
involuntary  muscles,  of  the  sensoiy  nerves  in  the  mucous 
membranes,  and  of  the  ending  of  the  nerves  in  the  remark- 
able bodies  named  Pacinian  corpuscles,  will  alone  be 
examined. 

After  a  nerve  has  entered  a  voluntary  muscle  it  ramifies 
in  the  connective  tissue,  which  lies  between  the  fasciculi, 
and  at  the  same  time  divides  and  subdivides  into  smaller 
branches.  These  branches  interlace  with  each  other  and 
form  plexuses,  from  which  slender  nervous  twigs,  often 
consisting  of  only  a  single  medullated  nerve  fibre,  pro- 
ceed, which  ramify  in  the  connective  tissue,  separating  the 
individual  muscular  fibres  from  each  other.  The  single 
nerve  fibres  in  their  turn  branch,  accompanied  by  a 
sfrfitting  of  the  axial  cylinder,  and  these  branches  usually 
lose  the  medullated  character.  The  mode  of  termination 
of  these  very  delicate  branches  has  been  a  subject  of  much 
dispute.  Beale  described  them  as  forming  a  minute  net- 
work, situated  on  the  exterior  of  the  sarcolemma,  but  in 
contact  with  it,  and  the  fibres  of  this  nervous  network  were 
distinetly  nucleated.      Other  observers  have,  however, 
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been  seen  by  Elin  to  end  in  the  epithelial  inyestment  of 
the  mucous  membrane  of  the  month. 

Connected  with  the  sensory  nerves  in  some  localities  are 
the  remarkable  bodies  named  the  Corpuscles  of  Fadni, 
which  were  the  first  terminal  organs  discoTered  in  connec- 
tion with  the  peripheral  distribution  of  the  nerves.  These 
corpuscles  have  been  found  attached  to  the  nerves  which 
pass  to  the  skin  of  the  fingers  and  toes,  to  the  nerves 
which  supply  the  skin  of  the  neck  and  arm,  to  the  inter- 
costal nerves,  to  the  nerves  of  the  joints,  to  the  nerves  of 
the  periosteum,  to  the  nerves  of  the  genital  organs,  and 
to  the  mesenteric  nerves.  In  cats  they  are  often  extremely 
abundant  both  in  the  mesentery  and  omenta.  A  Pacinian 
corpuscle  can  be  seen  by  the  naked  eye,  and  looks  like  a 
minute  grain  from  ^tii  to  ^th  inch  long.  It  is  elliptical 
in  form,  and  may  either  be  sessile  or  attached  to  the  nerve 
stem  by  a  slender  stalk.  Examined  microscopically,  it  is 
seen  to  consist  of  numerous  layers  of  connective  tissue 
concentrically  arranged,  which  form  its  capsule,  and 
surround  a  central  core  of  transparent  homogeneous  proto- 
plasm. Numerous  connective  tissue  corpuscles  may  be 
seen  in  the  concentric  layers,  and  Hoyer  has  recentiy  shown 
that  an  appearance  of  flat  endothelial-like  cells  exists  on  the 
inner  surface  of  the  layers  of  the  capsule.  Entering  one 
pole  of  the  corpuscle  la  a  nerve  fibre  which  extends  along 
the  axial  core  for  a  considerable  distance,  and  usually  termi- 
nates in  a  slight  bulbous  enlargement  The  nerve  fibre 
parts  with  its  perineurial  sheath  after  it  enters  the  Pacinian 
corpuscle;  and  as  it  lies  in  the  core  it  loses  its  medullary  sub- 
stance, so  that  its  terminal  part  consists  only  of  the  axial 
cylinder.  Sometimes  the  nerve  fibre  dividesinto twobranches 
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witliin  the  corpuscle.    Capillary  blood-vessels  are  distributed 
to  the  concentric  layers  of  the  Pacinian  corpuscle. 

The  mode  of  oridn  of  the  nervous  tissue  in  the  course 
of  development  of  the  embrj^o  is  still  involved  in  some 
obscurity.  It  has,  however,  been  ascertained  that  the  cells, 
both  of  the  epiblast  and  mesoblast,  participate  in  its 
formation.  The  nerve  cells  of  the  brain  and  spinal 
cord,  and  the  nerve  fibres  also,  cither  altogether  or  in 
great  part,  are  derived  from  the  cells  of  the  epiblast,  whilst 
the  dLstributory  nerves,  both  cranial  and  spinal  (except 
the  olfactory  bulb  and  peduncle  and  the  optic  ner\'e), 
the  ganglia  situated  on  these  ner\'es,  and  the  ganglia  and 
distributory  nerve  fibres'  of  the  sympathetic  system,  are 
differentiations  of  the  ceUs  of  the  mesoblast.  The  embr}'o 
cells  multiply  by  division,  and  possess  at  first  a  rounded 
form.  They  then  assume  characteristically  granular  and 
finely  fibrillated  contents,  and  processes  or  poles  appear 
at  the  periphery  of  the  cells,  which,  according  to  the 
observations  of  Beale,  connect  adjacent  cells  together. 
As  the  grow^th  of  the  part  goes  on,  the  cells  are  more 
widely  separated  from  each  other,  and  the  anastomosing 
processes  in  consequence  become  considerably  elongated, 
and  form  the  axial  cylinder  of  the  nerv' e  fibre.  In  the  course 
of  time  the  medullary  sheath  and  the  primitive  membrane 
may  form  around  this  axial  cylinder  so  as  to  insulate  it. 
The  exact  mode  of  formation  of  the  meduUary  sheath  is 
not  properly  understood;  but  it  is  believed  that  the  primi- 
tive membrane,  and  the  perineurial  connective  tiss\ie,  are 
derived  from  those  surrounding  embryonic  cells  which 
differentiate  into  connective  tissue.  Of  the  two  originally 
contiguous  cells  from  which  the  nerve  fibre  is,  as  it  were, 
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spun  oat,  one,  according  to  Hensen,  may  form  a  cell  in  a 
nerre  centre,  the  other  may  differentiate  into  a  peripheral 
end-oigan.  In  the  tail  of  the  tadpole  the  formation  and 
growth  of  nerve  fibres  have  been  studied  by  EoUiker, 
and  it  has  been  seen  that  the  terminal  part  of  a  fibre 
may  have  fosiform  or  tri-iadiate  cells  connected  with 
it,  the  processes  of  which  cells  gradually  differentiate  into 
nerve  fibres.  Others  again  maintain  that  elongation  of  the 
embryonic  cells,  destined  to  become  nerve  fibres,  takes 
place,  that  these  elongated  cells  join  end  to  end,  and  that 
in  this  manner  the  fibres  are  built  up.  The  young  cerebro- 
spinal nerve  fibres  are  distinctly  nucleated,  and  correspond 
in  appearance  and  structural  characters  to  the  non- 
medullated  nerve  fibres  of  the  adult. 

n  in  a  young  or  adult  person  a  nerve  be  cut  across, 
its  conducting  power  is  destroyed;  but  after  a  time 
it  reunites,  and  its  function  is  restored.  The  part  of  the 
nerve  which  lies  between  the  place  of  section  and  its 
peripheral  extremity,  undergoes,  as  Waller  pointed  out, 
d^genetative  changes.  To  how  great  an  extent  the  de- 
generation affects  the  various  constituents  of  each  fibre,  it 
is  difficult  to  determine;  for  whilst  some  experiments 
would  seem  to  show  that  only  the  medullary  sheath  broke 
up  into  granular  particles  and  was  absorbed,  in  others  both 
it  and  the  axial  cylinder  disappeared.  In  process  of  time, 
however,  these  parts  may  be  reproduced,  and  the  nerve 
then  recovers  its  functional  activity. 
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Descriptive   \v\Tomy  of  the  Cekebro-«piv \r 
Nek^ols  S\  tem 
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MBtinaoiw  witk,  ind  darivad  from  titg  sella  of  the  epiblaat.  The 
calU  of  tha  mcaoblaat  Mow  tui  at  tbe  ndes  of  thia  grociTe 
than  undergo  chuigaa.  Thoae  immedutalj  below  the  grooTe  dif- 
ferantiats  into  the  rod-lika  ch/rrda  dortatU.  Those  liCaated  at 
the  lidea  gnatly  increaae  in  nombera,  and  canae  the  aides  of  the 
graoTe  to  be  elerated  into  the  dcnat  or  neural  lamina.  Bj  the 
oontiDDed  praductian  and  growth  of  tbe  mesoblast  celU,  placed 
■t  the  aidaa  of  the  ffoowt,  which  sabaeqnMitlj  differentiate  into  the 
primordial  rertebrB,  tha  two  doraal  lamines  come  in  contact,  the 
twiual  groore  ii  eonrerted  into  a  nearal,  or  a:cial,  or  eetUral  eanal, 
and  the  apiblaat  cella  lining  it  become  cnt  off  from  their  origiiial  COD- 
tinnity  with  the  other  cells  of  the  epiblaat  (Fig.  71),  which  remain 
■a  the  aat«r  layer  or 
coming  of  the  em- 
IbTo,  and  giro  origin 
to  the  epidermia. 
He  included  epiblaat 
oelli  form  the  walll 
of  a  cytindriform 
carcbro  -  apinal  tube 
<C8).  The  axial  canal 
beeomea  the  cenbal 
canal  of  the  cciebro- 

the  layer  of  epiblaat  fiB.n^Tra«mrie  wrtlel  ■eetl'ii  Hi  nmith  th 
cella  next  the  anal  Hmo  of  **  rtmna  C  S,  Ui«  wiU  or  iDa  onnn- 
.  .  ,.  ,  (plul  ralKwblelDiubKD  col  oS  from  the  np«> 
forma  Itl  epttheual  trM  epiblut.  E,  bj  growth  of  tha  irietoblui.  It 
lining;  whilst  the  Tin  otbM tatun m  to fli.  70.  lAfur  SiAimt.) 
^ytn  of  epaUast  cells  sitoated  periphenlly  to  the  epithelial  layer  dif- 
farendate  into  tha  greater  part,  if  not  the  whole,  of  the  nerroos  tis*uea 
of  the  biain  and  spinal  cord.  In  the  part  which  bucomei  the  Spinal 
Cord  the  central  canal  peraiata  as  the  «nfraieaiuiJ  of  the  siHual  cord, 
sod  is  lined  by  a  layer  of  ciliated  cylindrical  epitheliom.  Out- 
aida  thia  layer  it  formed  *  moss  of  grey  matter  containing  nerre 
oalla,  which  are  nndmbtedly  derived  ^om  the  epibhst  cdla,  and 
thia  grey  matter  nbaeqaently  dirides  into  two  lateral  eraeetU-thaptd 
■KMst*.  Ontaide  the  grey  matter  white  matter  ia  produced,  which 
ultimately  becomca  arranged  in  the  form  of  lotiigUvdindl  mlvimn* 
of  nsrra  fibres ;  it  is  at  jet  doubtful  if  the  columns  are  derived  from 
a  differentiation  of  the  epiblaat,  or  from  those  mesoblast  cells  which 
immediately  sniroDDd  the  eerebro-spinsl  tube.  With  the  formation 
sod  growth  of  these  columns  and  of  the  internal  gf«y  matter,  a  longi- 
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Descriptive  Anatomy  op  the  CEEEBRo-sprN'.\r, 
Nervous  System, 

111  this  sottiou  tbe  anatomy  of  the  Brain  and  S^iiual 
Cord,  and  of  the  nuinerous  distributciry  Nerves  which  arisf 
from  tlium,  will  1>e  (iL'scriliwl.  Tlie  brain  aiid  RpiiiiJ  ci.rd 
are  tilt'  lar<;t}st  and  must  iiniw>rtant  of  all  the  ttervv  centres. 
They  o<:tu]iy  the  cranial  c-.irity  and  s[iinal  caiiid,  and  are 
continuuus  with  eaeli  other  throui^h  the  foramen  ma^ium 
in  the  ncL-ii>ilal  l)une.  As  the  arrangemeMt  of  the  stnic- 
tures  which  cumiMKse  the  liraiu  and  spinal  cord  is  extremely 
comiile.v,  and  m  the  names  ainilied  to  the  Kuvcral  j-arts  are 
iiumenxLS  and  often  veiy  arliitrary,  it  may  be  well,  l«;fore 
coramoncing  a  dctiiiled  descrijition,  to  nuike  a  few  general 
observations  on  their  mode  of  development. 

Iky.:h.,M'..i  .,f  II--  i:r.l.r,-S,,i„.'l  AVnv„«  Aj-h.-\n  oni-r  tn 

ronipivln'iiil   till'  ill  ■vein  I  HI  lent  of  tlip  iiTil'ro.s]iiiinl  iiiTvoin  ;i\-is. 

it  wilL  1«  iiwfssiry  to  wiy  n  f«w  wunln  on  tlii'  nmiiip'm.>nt  nf,  ami 

fitly  c\\.:w^-:s  in  tlic  ji.'riiiiiiiil  mi'iii1>r:mv  or  M^i.sIiHli'nii  in  tlir  oviuii 

,,        ,j  of    the     vrtflmtr.. 


,3->^(T  -v^.^^                           Tlii"  iiirmUr.inr  cm- 

■   :>.                 ff    ■■'■II*.    *!"■    »u\y', 
.    ^                tniaai..,     .lift     iniLT 

rS^^v 

.   .;^;            E    R.Tiuii.;il     lnyrrs     of 

^~'^^\    (in-t.lo"istH.    or    Ihu 

KTiN-vfM/l'-.*i.«riV^miii.i."      ""J  I'ypoi'i'^t  of 

a;  AehortlBdnljuLis.    lAft-i- Xth'i*.i  nn'iiilirine  wliidicor- 

resjionifn  to  the  Iwi-k  of  th>'  fiitni'i*  I'liiliryn,  e.  lon^itiicliiisl  Utpres- 
uan  in  tlu'  •(ilMnst  a]>|ii'itrs.  TlMs<!v|m.'ssioagnulually<lei:pvusniid 
fomis  It  groiivp,  th«  dorful,  vnriil,  or  aTrl-ro-spittel  Brouvi",  the 
aides  atid  bottom  of  whiili  arc  lini'd  l>y  the  lnjcrs  of  ceils  (Fig.  70) 
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Mntinamu  with,  uid  darired  from  thi  celli  of  the  epiblost.  The 
eolU  of  tha  moobtaat  lielow  and  li  the  sides  of  thia  groove 
then  nndergo  chwtgM.  ThoM  immediatelr  belov  Uie  grooTe  dif- 
fenntiaU  into  the  rod-like  chorda  dormiliM.  Those  litiuted  at 
the  aim  grMtl^  increaae  in  nmnben,  ud  cause  the  sides  at  tha 
groore  to  be  derated  into  the  Arml  or  tuural  lamina.  Bj  the 
oRitiDaed  pradnctian  and  growth  of  the  mesoblist  c«U«,  plsMd 
at  the  ddas  of  the  gtnore,  which  inbsequratlj  difli^rentiate  into  the 
primordial  T«rtelnv,  the  two  dorsal  laminEB  come  in  contxct,  the 
nennl  groove  is  cotiTerted  into  a  imirai,  or  axial,  or  emtral  canal, 
tod  the  spiblait  sella  lining  it  become  cut  off  from  their  original  cou- 
tinnit;  with  the  other  cells  of  the  epiblaat  (Fig.  71],  which  remain 
M  the  outer  layer  or 
covering  of  the  em- 
btyo,  and  give  origin 
to  IIm  epidennia. 
ne  included  epibUrt 
cell*  fonn  the  walla 
of    a     cyliodrilixiii 


<CS).  Tbeazialanal 
beeomea  the  central 
canal  of  the  cerebro- 
spinal nerrons  axis; 
the  lajer  of  epiblast  r 
cbU*  neit  the  canal 

GmtB  it*  epithelial  ScUl  epiklut.  K,  l>y  gnwth  oT  tl 
lining;  whilst  the  Tl- oUim tanm » hi flg.  to.  ujur sdHmt.) 
Ufer*  of  epiUast  cells  sitoaled  peripbenlly  to  the  epithelial  layer  dif- 
firendate  into  the  gnater  part,  if  not  the  whole,  of  the  nerrons  tiaauts 
erf'  the  btain  and  spinal  cord.  In  the  part  which  bv cornea  the  Spinal 
C<nd  the  centnl  canal  penistaaa  the  enfrafeaHoI  of  the  siaul  cord, 
•ltd  i«  lined  by  a  layer  of  ciliated  cylindrical  epitheliam.  Ont- 
rida  this  layer  is  formed  s  mose  of  grey  matter  containing  nerve 
oalla,  which  are  nndunbtedly  derived  from  the  epiblast  cells,  and 
this  grey  matter  mbaecjuelitly  divides  into  two  litt'ral  cn>cent-$luiped 
inssft.  Ontiide  the  grey  matter  white  matter  is  produced,  which 
nltimalely  become*  arranged  in  th«  form  of  Imigiludinal  columnt 
sf  nerve  Sbns ;  it  U  as  yet  donbtfiil  if  the  colnmosare  derived  from 
a  differentiation  of  the  epiblaat,  or  &om  thoee  mvaoblaat  cells  which 
fmmmltatfly  ennonnd  the  cerebro-spinil  tube.  With  the  formation 
and  growth  of  theae  columns  and  of  the  internal  grey  matter,  a  longi- 
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tudinal  mesial  fissure  appears  on  the  anterior,  and  anotJHT  on  tli« 
posterior  surftue  of  the  cord,  which  i^nidually  in(Tease  in  (U'j>th  until 
the  cord  is  ahuost  ('c>uii>lL'tely  diviiUd  into  two  lateral  lialvt-s.  At  thr 
bottom  of  the  aufrrior  vu'dianfssurc  the  nerve  tihres  of  the  antcrwr 
commissure  are  develo[)e«l,  and  at  the  hottom  of  the  postrrior  imdian 
fissure  those  of  the  y»t\v/f  nVr  cinainissHrc.  These  commissures  unite 
the  two  halves  of  the  eorvl  to<^ether. 

The  upper  or  ci'rebral  end  of  the  cerehro-spinal  tulx;  Ix'vome^ 
the  Ene4'jili;ilon,  or  Hrain,  which  or;zan  is  therefore  derive^l  from 
the  epiblast.  At  first  the  cerebral  part  of  the  tube  is  luiifonn 
in  appearance  with  the  spinal  part,  hut  it  soon  ex}>ands  into 
three  vesicular  dilaUitious  —  the  priinarfj  cerebral  tr-vR/'.v.  These 
vesicles,  named  (from  before  backwards)  anterior,  middle,  and 
jKisterior,  are  separated  from  each  other  by  constrictions,  and 
as  the  di'velopmeiit  progresses  the  V(*si«'les  Ix'nd  on  each  other  and 
on  the  uj»per  end  of  tlu'  spinal  cord.  As  each  vesicle  is  an  expan- 
sion of  the  cerehi'o-si»inal  tub«',  it  is  necessarily  hollow,  and  the 
space  in  its  interior  is  continuous  with  the  central  canal  of  th** 
spinal  conl.  In  the  walls  of  the  vesii^les  the  nervous  structures  are 
produced,  which  form  the  s<'veral  sulnlivisions  of  the  enc»>|»halon. 

The  posteritir  eerrhrdl  vfsirlc  l>ends  lirst  forwards  frt>m  thi'  u]>]K'r 
end  of  the  sjunal  cord,  and  then  backwards;  the  part  which 
ht'uds  forwanl  Ixnomes  the  m>'<1i(n(i  ohJoutjafa;  that  whi<'h  bends 
backward  the  etrchelhnn^  whilst  the  puns  is  devi'lojM>d  at  the  angh' 
wlure  these  two  j)arts  are  continuous  with  each  other;  the  central 
hollow  forms  the  rnifnd  ani'il  of  the  medulla  oblon^^ata  and 
the  dilated  s])ace  called  the  fourth  veniriclc.  In  the  medulla 
oblongata  shallow  anterior  and  posterior  nie<lian  furrows  then  appear 
continuous  with  those  in  the  cord,  and  eaih  lateral  half  ditleren- 
tiates  into  grey  matter  and  into  a  longitudinal  an-angement  of  nerve 
fibres  continuous  with  the  corresponding  stnictures  in  the  cord.  A 
large  proportion  of  these  fibres  is  continued  upwards  through  the 
pons  a,s  its  longitudinal  fibres.  The  cerel»ellum  consists  at  first  of 
a  central  lobe,  and  in  the  lower  veilobratcs  its  develoi)ment  does 
not  j)roceed  W-yond  this  stige ;  but  in  mammals,  including  man, 
a  lateral  IoIk'  or  hemisphere  is  superadded  on  each  side,  and  with 
the  growth  of  these  lateral  lobes  numerous  transverse  fibres,  which 
connect  the  two  hemispheres  togctlier,  are  develo{H*d  in  the  pons. 
The  cerebellum  is  also  connected  below  with  the  medulla  oblongata 
by  the  j>air  of  restiform  bodies,  or  inferior  ^ndundesy  and  above 
with  the  corj)ora  <juadrigemina  by  the  pair  of  sujyerior  peduncles. 
The  middle  cerebral  vesicle  bends  forwards  from  the  jwsterior 
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iPWtde.  In  its  roof  the  9ptic  lobes  are  formed ;  in  its  floor  the 
crura  cerebri;  whikt  the  central  hollow  becomes  the  aqueduct  of 
SfMui.  At  first  the  optic  lobes  form  a  dngle  stmctore,  but  about 
the  sixth  month  of  emlnyo  life  a  median  furrow  diridee  this  stme* 
tsie  into  two  lateral  halves  (the  eorp&ra  bigemina),  and  in  the 
lower  Tertebrates  the  derelopment  does  not  proceed  beyond  this 
iCaKe ;  but  in  the  seventh  month  of  embryo  life  of  the  human  foetus 
each  lateral  half  is  subdivided  into  two  by  a  transverse  fissure,  so 
that  four  bodies  (the  corpora  quadrigemina)  are  produced.  The 
crura  eerebii  form  the  two  cerebral  pedundes,  which,  diverging 
from  each  other,  pass  upwards  to  the  hemisphere  of  the  cerebrum. 
They  consist  almost  entirely  of  nerve  fibres  continuous  with  the 
longitudinal  fibres  of  the  pons,  a  few  of  which  go  to  the  corpora 
i^nadrigemina,  but  the  greater  number  ascend  to  the  cerebral  hemi- 
spheres. 

The  anterior  cerebral  veside  bends  downwards  from  the  middle 
veaadeu  The  posterior  part  of  this  vesicle  is  at  first  a  simple  hollow 
sac,  but  subsequently  the  two  <^ie  ihalami  form  in  its  wall, 
one  on  each  side  of  the  central  hollow,  which  hollow  becomes 
the  third  peniriele.  This  ventricle  is  prolonged  downwards  into 
a  fonnel-shaped  process,  the  iafu/ndibtUum,  which  is  connected 
with  the  pituitary  body,  or  hypophyeia  cerebri,  in  the  pituitary  fossa 
in  the  sphenoid  bone,  whikt  posteriorly  the  ventricle  is  continuous 
with  the  aqueduct  of  Sylvius.  In  its  upper  and  posterior  wall  the 
pimatl  body,  or  epiphyeie  cerebri,  is  devdoped,  and  from  this  body 
two  white  peduncles  run  forwards  on  the  sides  of  the  optic  thalamu 
Immediately  below  these  peduncles  the  transverse  fibres  of  the 
jMStorior  commitewre  are  developed,  which  pass  between  the  two 
optic  thalami.  The  anterior  wall  of  this  ventricle  is  closed  in  by 
the  lamma  dnerea  or  lamina  terminalie,  and  behind  it  are  formed 
the  transverse  nerve  fibres  of  the  anterior  eommiseure,  and  the 
▼ertieal  fibres  of  the  anterior  pUlare  of  tht  fornix.  These  fornix 
fibres  pass  to  tiie  base  of  the  brain,  and  form  the  corpora  albieantia, 
prior  to  entering  the  optic  thalami.  The  posterior  part  of  the  anterior 
vesicle  gives  off  from  each  side  a  flask-shaped  prolongation,  the 
primary  optic  vesicle.  The  stem  of  the  prolongation,  at  first  hollow, 
beoomes  solid,  and  forms  the  optic  nerve  and  trad,  whilst  the 
expanded  distal  end  forms  the  nervous  elements  of  the  retina. 

The  antero-lateral  part  of  the  anterior  cerebral  vesicle  is  prolonged 
forward  as  two  hoUow  processes,  the  hemispKere  vesicles,  which 
heoome  the  cerebral  hemispheres,  and  are  separated  from  each  other 
by  a  msdiam  longitudinal  fssure;  whilst  the  hollow  in  the  interior 
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MsuBBANra  OF  Brain  and  Spinal  Corix 

The  brain  and  spinal  cord*  are  invested  by  three  mem« 
bianes  *or  meninges,  which  lie  between  them  and  the 
bones  that  form  the  walls  of  the  cranial  cavity  and  spinal 
canal.  The  membranes  are  named  dnia  mater,  arachnoid 
mater,  and  pia  mater. 

Dura  mater. — ^The  most  external  membrane,  named 
dura  from  its  firmness,  consists  of  a  cranial  and  a  spinal 
division.  The  cranial  part  is  in  contact  with  the  inner 
table  of  the  cranial  bones,  and  is  adherent  along  the  lines 
of  the  sutures  and  to  the  margins  of  the  foramina,  whidi 
transmit  the  nerves,  more  especially  to  the  foramen  mag- 
num. It  forms,  therefore,  for  these  bones  an  internal 
periosteum,  and  the  meningeal  arteries  which  ramify  in  it 
are  the  nutrient  arteries  of  the  inner  table.  As  the  growth 
of  bone  is  more  active  in  infancy  and  youth  than  in  the 
adult,  the  adhesion  between  the  dura  mater  and  the  cranial 
bones  is  greater  in  early  life  than  at  maturity.  From  the 
inner  surface  of  the  dura  mater  strong  flattened  bands  pass 
into  the  cranial  cavity,  and  form  partitions  between  certain 
of  the  divisions  of  the  brain.  A  vertical  longitudinal  mesial 
band,  named,  from  its  sickle  shape,  foUx  eerdri^  dips  between 
the  two  hemispheres  of  the  cerebrum.  A  smaller  sickle- 
shaped  vertical  mesial  band,  the  falx  cerebelli,  attached  to 
the  internal  occipital  crest,  passes  between  the  two  hemi- 
spheres of  the  cerebollum.  A  large  band  arches  forward 
in  the  horizontal  plane  of  the  cavity,  from  the  transverse 
groove  in  the  occipital  bone  to  the  clinoid  processes  of  the 
sphenoid,  and  is  attached  laterally  to  the  upper  border 
of  the  petrous  part  of  each  temporal  bone.    It  separates 
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Binnses  pass  usually  from  before  ^backwards:  a  wiperwr 
UmgitvdvMl  along  the  upper  border  of  the  falz  cerebri,  from 
the  crista  galli  to  the  internal  occipital  protuberance;  an 
inferior  longitudinal  along  its  lower  border  as  far  as  the  tento- 
rium, where  it  joins  the  straight  sintu,  which  passes  back  as 
far  as  the  same  protuberance.  One  or  two  small  oedpital 
iintties,  which  lie  in  the  falx  cerebelli,  also  pass  to  join  the 
straight  and  longitudinal  sinuses  opposite  this  protuberance ; 
several  currents  of  blood  meet,  therefore,  at  this  spot,  and 
as  Herophilus  supposed  that  a  sort  of  whirlpool  was 
formed  in  the  blood,  the  name  torcular  HerophUi  has 
been  used  to  express  the  meeting  of  these  sinuses.  From 
the  torcular  the  blood  is  drained  away  by  two  large 
sinuses,  named  lateral^  which  curve  forwards  and  down- 
wards to  the  jugular  foramina  to  terminate  in  the  internal 
jugular  veins.  In  its  course  each  lateral  sinus  receives  two 
petrosal  sinuses,  a  superior  and  an  inferior,  which  pass  from 
the  cavernous  sinus  backwards  along  the  upper  and  lower 
borders  of  the  petrous  part  of  the  temporal  bone. 

The  spinal  part  of  the  dura  mater  hangs  loosely  in  the 
spinal  canal,  and  forms  a  tubular  investment  for  the  spinal 
cord.  It  does  not  serve  as  a  periosteum  for  the  vertebrae, 
which  possess  a  distinct  periosteal  covering,  between  which 
and  the  dura  mater  loose  fat  and  a  plexus  of  veins  are 
situated.  It  gives  off  no  bands  from  its  inner  surface,  and 
it  does  not  split  into  two  layers  for  the  lodgment  of  venous 
blood  sinuses.  The  spinal  dura  mater  forms  a  tabular  enve- 
lope for  the  spinal  cord  and  the  origins  of  the  spinal  nerves. 
It  extends  from  the  foramen  magnum,  where  it  is  oon- 
tannouswith  the  cranial  dura  mater,  to  the  lower  end  of  the 
sacral  canal,  ends  below  in  a  funnel-«haped  prolongation,  and 
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19  pierced  laterally  by  the  roots  of  the  several  spinal  nerves 
in  their  passage  outwards  to  the  intervertebral  foramina. 

Both  the  cranial  and  the  spinal  parts  of  the  dura  mater 
consist  of  a  tough,  fibrous  membrane  containing  numerous 
elastic  fibres;  somewhat  flocculent  externally,  but  smooth, 
glistening,  and  free  on  its  inner  surface.  The  inner  sur- 
face has  the  appearance  of  a  serous  membrane,  and  when 
examined  microscopically  is  seen  to  be  covered  by  a  layer 
of  squamous  endothelial  cells,^  similar  to  those  drawn  in 
fig.  34«  Hence  the  dura  mater  is  sometimes  called  a  fibro- 
serous  membrane.  The  dura  mater  is  well  provided  with 
lymph  vessels,  which  in  all  probability  open  by  stomata  on 
the  free  inner  surface.  Nerves  have  been  traced  to  the 
cranial  dura  mater  both  from  the  fifth  cranial  nerve  and 
the  sympathetic*  Between  the  dura  mater  and  the  arach- 
noid membrane  is  a  fine  space  containing  a  minute  quan- 
tity of  limpid  serum,  which  moistens  the  smooth  inner 
surface  of  the  dura  and  the  corresponding  smooth  outer 
surface  of  the  arachnoid.  It  is  regarded  as  equivalent 
to  the  cavity  of  a  serous  membrane,  and  is  named  the 
QTOichsMii  cavUy,  or,  more  appropriately,  the  svb-dural 
qMce, 

Arachnoid  mater, — ^The  arachnoid  is  a  membrane  of 
great  delicacy  and  transparency,  which  envelopes  both 
the  brain  and  spinal  cord.  It  is  separated  from  these 
organs  by  the  pia  mater;  but  between  it  and  the  latter 
membrane  is  a  distinct  space,  called  tub-arachnoid.  The 
subarachnoid  space  is  more  distinctly  marked  beneath  the 
spinal  than  beneath  the  cerebral  parts  of  the  arachnoid, 
which  membrane  f omA  a  looser  investment  for  the  cord 
than  for  the  brain.    At  the  base  of  the  brain,  and  oppo- 


220  ANATOMY. 

aite  the  fissures  between  the  convolations  of  the  ceTebmm, 
the  interval  between  the  arachnoid  and  the  pia  matter  can, 
l^owever,  always  be  seen,  for  the  arachnoid  does  not,  like 
the  pia  mater,  clothe  the  sides  of  the  fissures,  but  pessee 
directly  across  between  the  summits  of  adjacent  convolu- 
tions. The  sub-arachnoid  space  is  divided  into  numerous 
freely-communicating  loculi  by  fasciculi  of  delicate  areolar 
tissue,  which  bundles  are  invested,  as  Key  and  Betzius  have 
shown,  by  a  layer  of  flat  eudothelial-like  cella  Beneath 
the  layers  of  flat  cells  fibres,  resembling  those  of  elastic 
tissue,  are  rolled  in  an  angular  or  spiral  manner  around 
the  fasciculi  The  space  contains  a  limpid  cerebro-spinal 
fluid,  which  varies  in  quantity  from  2  drachms  to  2  ounces. 
The  fluid  is  alkaline,  of  sp.  gr.  1'005,  contains  a  little 
albumen^  and  a  substance  which,  as  I  pointed  out  some 
years  ago,  reduces  blue  oxide  of  copper  to  the  state  of 
yellow  sub-oxide.  The  arachnoid  membrane  is  made  up 
of  delicate  connective  tissue.  The  free  surface  next  the 
sub-dural  space  is  smooth,  like  a  serous  membrane,  and 
covered  by  a  layer  of  squamous  endothelium.  This  layer 
is  reflected  on  to  the  roots  of  the  spinal  and  cranial  nerves, 
and,  when  they  pierce  the  dura  mater,  it  becomes  con- 
tinuous with  the  endothelial  lining  of  that  membrane. 
As  the  arrangement  and  structure  so  closely  correspond 
with  what  is  seen  in  the  serous  membranes,  many  anato- 
mists regard  the  arachnoid  as  the  visceral  layer  of  a  serous 
membrane,  and  the  endothelial  lining  of  the  dura  mater  as 
the  parietal  layer,  whilst  the  sub-dural  space  is  the  inter- 
mediate cavity. 

When  the  skull  cap  is  removed,  clusters  of  granular 
bodies  are  usuaUy  to  be  seen  imbedded  in  the  dura  mater 
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Xia  each  side  of  the  saperior  longitudinal  ainos;  these  are 
named  the  Paeckionian  bodies.  When  traced  through  the 
dura  mater  they  are  found  to  spring  from  the  visceral  or 
proper  cerebral  arachnoid.  The  observations  of  Luschka 
and  Cleland  have  proved  that  villous  processes  invariably 
grow  from  the  free  surface  of  that  membrane,  and  that  when 
these  villi  greatly  increase  in  size  they  form  the  bodies 
in  question.  Sometimes  the  Pacchionian  bodies  greatly 
hypertrophy,  occasion  absorption  of  the  bones  of  the  cranial 
vault,  and  depressions  on  the  upper  surface  of  the  brain. 

Fia  nuMter, — ^This  tender  membrane  closely  invests  the 
whole  outer  surface  of  the  brain.  It  dips  into  the  fissures 
between  the  convolutions,  and  a  wide  prolongation^ 
named  vdum  interpodtum^  passes  into  the  interior  of  the 
eerebnmt  With  a  little  care  it  can  be  stripped  off  the 
brain  without  causing  ii\jury  to  its  substance.  The  pia 
mater  invests  the  spinal  cord,  and  is  more  intimately 
attached  to  it  than  to  the  brain,  for  not  only  does  it  send 
prolongations  into  the  anterior  and  posterior  fissures  of  the 
cord,  but  numerous  slender  bands  pass  from  its  inner 
surface  into  the  columns  of  the  cord.  Hence  it  cannot  be 
stripped  off  the  cord  without  causing  injury  to  its  sub- 
stance. The  pia  matter  is  prolonged  on  to  the  roots  both  of 
the  cranial  and  spinal  nerves,  and  on  to  the  filum  terminale. 
This  membrane  consists  of  a  delicate  connective  tissue,  in 
which  the  arteries  of  the  brain  and  spinal  cord  ramify  and 
subdivide  into  small  branches  before  they  penetrate  the 
nervous  substance,  and  in  which  the  veins  conveying  the 
blood  from  the  nerve  centres  lie  before  they  open  into  the 
blood  sinuses  of  the  cranial  dura  mater,  and  into  the  extra- 
dural venous  plexus  of  the  spinal  canal.     The  arteriesi 
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\vliich  pass  from  the  pia  mater  into  the  brain  and  spinal 
cord  are  invested  by  a  loose  funnel-shaped  sheath,  which 
has  been  described  as  forming  the  wall  of  a  peri-vascular 
lymphatic  vessel;  but  Key  and  Retzius  consider  that 
the  space  between  the  blood-vessel  and  the  sheath  opens 
into  the  sub-arachnoid  space,  and  contains  cerebro-s[>inal 
fluid.  They  believe  that  they  have  proved  that  the  sub- 
arachnoid cerebro-spinal  sj)aces  are  in  free  communication 
with  the  serous  and  lymphatic  s[»aces  of  the  organs  of 
sense,  and  that  through  the  entire  peripheral  nervous 
system,  even  to  its  furthest  ramifications,  a  serous  system 
exists,  which  along  the  nei-ve  roots  is  in  free  conimunica- 
tion  ^nth  the  central  sub-arachnoid  spaces.  They  also 
describe  the  ventricles  of  the  brain  as  in  communication 
with  the  sub-arachnoid  spaces.  A  network  of  Ijnnph 
vessels  ramifies  freely  in  the  pia  mater.  It  is  also  well 
provided  with  nerves,  which  arise  from  the  posterior  roots 
of  the  spinal  nerves,  from  some  of  the  cranial  nerves,  and 
from  the  carotid  and  vertebral  plexuses  of  the  syni[»athetic. 
The  epi-cerebral  and  epi-spinal  spaces  described  by  His  as 
existing  between  the  pia  mater  and  the  brain  and  s])inal 
cord  are  in  all  probability  artificial  productions. 

In  the  spinal  canal  a  sletuler  fibrous  l)and  projects  from 
the  pia  mater  covering  the  side  of  the  cord,  and,  pushing 
the  arachnoid  membrane  in  front  of  it,  is  attached  by 
about  twenty-two  pairs  of  denticulated  processes  to  the 
inner  surface  of  the  dura  mater.  It  is  named  lir/amentuin 
(hniflruhitnm,  and  its  teeth  alternate  with  the  successive 
pairs  of  spinal  nerves. 
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Spinal  Cosd. 

The  Mmdulla  Spinalis,  or  Spinal  Cobd,  occupies  the 
spizuJ  caual,  and  extends  from  the  foramen  magnum  to 
opposite  the  body  of  the  first  lumbar  vertebra.  In  the» 
early  foetus  it  equals  in  length  the  canal  itself ;  but  as 
the  spinal  column  grows  at  a  greater  proportional  rate 
than  the  cord,  the  latter,  when  growth  has  ceased,  is 
several  inches  shorter  than  the  column.  The  cord  is 
continuous  above  with  the  medulla  oblongata,  whilst  it 
tapers  off  below  into  a  slender  thread,  ihefilum  temUnale^ 
which  lies  in  the  axis  of  the  sacral  canal,  and  is  attached 
below  to  the  back  of  the  coccyx,  or  to  the  fibrous  mem- 
brane which  doses  in  below  the  sacral  canal.  The  length 
of  the  cord  is  from  1 5  to  18  inches.  It  approaches  a 
cylinder  in  shape,  but  is  flattened  on  its  anterior  and  pos- 
terior surfaces,  and  presents  two  enlargements  which  have 
a  greater  girth  than  the  rest  of  the  cord.  The  upper, 
called  the  cervical  or  brachial  enlargement,  extends  from 
opposite  the  third  cervical  to  the  first  dorsal  vertebra,  and 
from  it  arise  the  nerves  which  supply  the  upper  limbs ;  the 
lower,  called  the  crural  or  lumbar  enlargement,  is  opposite 
the  last  dorsal  vertebra,  and  supplies  with  nerves  the 
lower  limbs. 

The  cord  is  almost  completely  divided  into  right  and 
left  lateral  halves  by  two  fissures,  named  respectively 
anterior  and  poiterior  median  fisauree,  which  do  not 
quite  reach  the  centre  of  the  cord,  for  at  the  bottom  of 
the  anterior  fissure  are  the  transverse  fibres  of  the  avkterior 
yoikiu  commieture,  and  at  the  bottom  of  the  posterior  fissure 
the  fibres  of  the  potterior  grey  commiewre.    By  these  com- 
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miasnies  tlie  two  lialvea  of  the  card  are  united  togeUiw. 
The  fibres  of  the  poeterior  commisaure  sunoond  a  cuul. 
Galled  the  cmtral  canal,  which  extends  along  the  «b<de 
length  of  the  cord,  and  eTen  pasEes  into  the  npper  end  at 
the  filoin  terminala  This  canal  is  lined  bj  a  ciliated 
columnar  epithelium,  and  expands  superiorly  into  the 
cavity  of  the  fourth  ventricle.  The  attached  ends  of  these 
columnar  cells  are  elongated,  and  project  into  the  neurog^ 
of  the  posterior  commissure  vhich  snironnds  the  caoaL 
Each  lateral  half  of  the  cord  is  subdivided  into  thne 
columns  by  two  depressions,  which  maA  the  poiotB  cl 


roots  of  the  siHsal 
nerree.  The  an- 
terior nerve  roots 
pass  thtwig^  the 
anUro '  lateral  d»- 
preuioH  or  fissure, 
and  between  it  and 
the  antero-median 
fissure  is  the  om- 

onini  cnii  of  cord,  wftii  Ua  oaimniur  «iuhii>i  tenor  nerve  roota 
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-.« mnijrtm  um  f«iert<?  P»8  through  the 

J  podero-iaUral  Ju- 
rare,  and  between 
it  and  the  poetero-median  fissure  is  the  potUrior  etJtmm, 
whilst  between  the  anterior  and  poeterior  nerve  toots  lin 
the  lateral  cotvtiat.  In  the  cervical  region,  the  part  o{  tha 
poeterior  column  which  Itee  next  the  postero-median  finuis 
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is  aqparated  by  a  fiasure  into  the  small  internal  poetero- 
mediam  column,  or  bandofOoll  and  \h.e  funiculus  eufteatus. 
The  sabdi^ision  of  each  lateral  half  of  the  cord  into  the 
colnmnfl,  and  the  arrangement  of  its  nervous  tiBsaeB, 
are  well  seen  in  transverse  sections  through  its  sub- 
stance (Fig.  72).  The  cord  is  composed  of  white  and  grey 
matter.  The  white  matter  is  external,  and  forms  the 
columns  of  the  cord.  The  grey  matter  is  surrounded  by 
the  white,  and  has  in  each  lateral  half  of  the  cord  a 
ciesoentic  shape.  The  horns  of  the  crescent  are  directed 
towards  the  fissures  of  emergence  of  the  nerve  roots;  the 
anterior  horn  is  rounded;  the  posterior  long  and  narrow. 
The  proportion  of  grey  matter  to  the  white  varies  in  dif- 
ferent parts  of  the  cord.  At  the  commencement  of  the 
filum  termiiude  there  is  scarcely  any  white  matter;  but 
the  white  matter  increases  in  'amount  from  below  up- 
wards, so  that  its  absolute  quantity  is  greatest  in  the  cervi- 
cal part  of  the  cord.  The  grey  crescents  are  thicker  in 
the  upper  and  lower  enlargements  than  in  the  intermediate 
part 

The  cord  contains  both  nerve  fibres  and  nerve  cells.  The 
external,  columnar,  white  part  of  the  cord  consists  of  nerve 
fibres,  with  a  supporting  reticular  framework  of  connective 
tissue  and  blood-vessels  derived  from  the  pia  mater.  Well- 
formed  stellate  connective  tissue  corpuscles  lie  in  this  sup- 
p(»rting  framework.  The  nerve  fibres  of  the  various  columns 
extend  longitudinally,  and  lie  parallel  to  each  other,  so  that 
in  transverse  sections  through  the  columns  the  fibres  are 
transversely  divided.  The  individual  fibres  vary  much  in 
diameter,  but  in  all  the  axial  cylinder  and  medullary  sheath 
can  be  distinctly  seen.    Wherever  the  nerve  roots  enter 
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inttt  the  cord,  the  filnea  of  tiieoe  roots  pus  Tinriwintally  or 
obliqnely  in  their  ctnuw  inwards  to  the  gny  matter. 
The  fibres  of  the  anterior  and  posterior  oommiasiim  hm 
also  a  hotixontal  coorae.  Those  of  the  antoMH-  conmus- 
sure  pass  from  the  anterior  oomu  of  grey  matter  on  one 
side,  acroea  the  bottmn  of  the  anterior  median  fianm, 
where  ihej  decussate  with  the  oorreaponding  fibres  fnm 
the  opposite  side,  and  enter  the  anterior  oohmm  of  the 
oppoute  side,  thon^  some  fxt  the  fibres  bend  back  in  the 
grey  matter  towards  the  posteriw  coma.  The  fibns  of 
the  posterior  commiasnre,  more  delicate  than  those  of  the 
anteikn',  not  only  lie  at  the  bottom  of  Uie  posterior  median 
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fiuon,  bat  travene  the  neuoglia  snirmmding  the  eoittal 
canal,  and  enter  the  posterior  oomoa  and  posterior  wilninw* 
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Horizontal  fibres  can  also  be  traced  from  the  grey  matter 
of  the  anterior  oomu  into  the  anterior  and  lateral  columns, 
and  fibres  may  also  be  traced  from  the  posterior  coma  into 
the  poeterior  part  of  the  lateral  cdumn. 

The  grey  crescentic  portion  of  the  cord  contains  con- 
nective tissue,  blood-vessels,  nerve  fibres,  and  nerve  cells. 
The  nerve  fibres  in  the  grey  matter  are  numerous ;  and 
TThilst  some  possess  a  medullary  sheath,  othera  consist 
only  of  the  axial  cylinder;  they  divide  and  subdivide, 
and,  as  Qerlach  has  shown,  form  a  narrow- meshed 
network  of  extremely  minute  fibres.  The  nerve  cells  are 
multipolar,  and  are  chiefly  collected  in  the  anterior  and 
posterior  horns  of  each  crescent  The  cells  of  the  an- 
tericv  oomu  are  large,  distinct,  and  steUate,  and  form 
well-defined  groups  of  nerve  cells  (Fig.  68).  Those  of  the 
posterior  comu  are,  as  a  rule,  much  smaller  in  size,  more 
elongated  in  shape,  but  with  stellate  branched  processes. 
They  are  not  so  distinct  as  in  the  anterior  horn,  owing  to 
the  connective  tissue  with  its  corpuscles  being  so  abundant ; 
this  tissue  is  best  marked  at  the  tip  of  the  posterior 
horn,  where  it  forms  the  mhitantia  gelcUinoM  of  Rolando. 
Groups  of  larger  stellate  branched  cells  may,  however,  be 
seen  in  weH-prepared  sections  at  a  short  distance  from  the 
tip  of  the  posterior  comu.  Sometimes  also  isolated  nerve 
oeUs  may  be  seen  in  the  white  columns  immediately  out- 
aide  the  grey  matter  of  this  comu.  Lockhart  Clarke  has 
described  aa  inl€rmedio4ateral  group  of  nerve  cells  situ- 
ated at  the  outer  side  of  the  grey  matter,  about  midway 
between  the  anterior  and  posterior  horns,  in  the  upper 
part  of  the  cervical  portion  of  the  cord,  and  in  the  thoracic 
part  between  the  brachial  and  eriual  enlargements. 
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into  tlie  ciird,  the  fibres  i>f  tht'-^o  roots  ['ass  horizuutrtlly  i>r 
obliquely  in  their  course  inwards  to  the  grey  iuatt*r. 
The  fibrLS  of  the  anterior  and  [loslerior  coiumisaures  have 
also  a  hurizontdl  course.  Those  of  the  anterior  commis- 
sure (KISS  from  the  anterior  conui  of  grey  matter  on  oiie 
side,  acrii.ss  the  bottom  of  the  anterior  median  fisstin.-, 
where  they  decussate  with  the  correspond  in  i;  fihrea  from 
the  opiHjsite  side,  and  enter  the  anterior  eiilumn  of  the 
ojipositc  side,  thougli  !<oine  of  the  fibres  bend  back  in  thu 
grey  matter  towards  the  pi>sterior  cornu.  The  fibres  of 
the  jiosterior  commissure,  more  delicate  than  tliose  of  tlie 
anterior,  not  only  lie  at  tlie  bottinu  uf  the  im^terior  niedi^iti 


fissure,  but  traverse  the  neuroglia  Burroiindiiig  the  central 
caiial,  and  enter  the  [Kwterior  cornua  and  posterior  colamna. 
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Hoiuontal  fibres  can  also  be  tiaoed  from  the  grey  matter 
of  the  anterior  coron  into  the  anterior  and  lateral  columns, 
and  fibres  may  also  be  traced  from  the  posterior  coma  into 
the  posterior  part  of  the  lateral  odumn. 

The  grey  crescentie  portion  of  the  cord  contains  con- 
nective tissue,  blood-Tessels,  nenne  fibres,  and  nerve  cells. 
The  nerve  fibres  in  the  grey  matter  are  numerons;  and 
""^iiilst  some  possess  a  medullary  sheath,  others  consist 
only  of  the  bjosI  cylinder;  they  divide  and  subdivide, 
and,  as  Qerlach  has  shown,  form  a  narrow  -  meshed 
network  of  extremely  minute  fibres.  The  nerve  cells  are 
multipolar,  and  are  chiefly  coUected  in  the  anterior  and 
posterior  horns  of  each  crescent  The  cells  of  the  an- 
terior comu  are  large,  distinct,  and  stellate,  and  form 
well-defined  groups  of  nerve  cells  (Fig.  68).  Those  of  the 
posterior  comu  are,  as  a  rule,  much  smaller  in  size,  more 
elongated  in  shape,  but  with  stellate  branched  processes. 
They  are  not  so  distinct  as  in  the  anterior  horn,  owing  to 
the  connective  tissue  with  its  corpuscles  being  so  abundant ; 
this  tissue  is  best  marked  at  the  tip  of  the  posterior 
horn,  where  it  forms  the  mhitantia  gelatinosa  of  Rolando. 
Groups  of  larger  stellate  branched  cells  may,  however,  be 
seen  in  weU-prepared  sections  at  a  short  distance  from  the 
tip  of  the  posterior  comu.  Sometimes  also  isolated  nerve 
ceUs  may  be  seen  in  the  white  columns  immediately  out- 
side the  grey  matter  of  this  comu.  Lockhart  Clarke  has 
described  an  imlermedu>4aieral  group  of  nerve  cells  situ- 
ated at  the  outer  side  of  the  grey  matter,  about  midway 
between  the  anterior  and  posterior  horns,  in  the  upper 
part  of  the  cervical  portion  of  the  cord,  and  in  the  thoracic 
part  between  the  brachial  and  erhral  enlargements. 
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The  course  of  the  fibres  in  the  cord  and  their  relationa 
to  the  nerve  oelk  should  now  be  considered.  There  caa 
be  no  doubt  that  of  the  longitudinal  fibres  some  ascend 
from  below  upwards,  and  conduct  either  exdto-motory 
impulses  to  the  regions  of  the  spinal  cord  itself,  or  sen- 
sory impulses  to  the  brain.  Other  longitudinal  fibres  again 
descend  from  the  brain  and  higher  regions  of  the  cord  to 
the  lower,  and  conduct  motor  and  vaso-motor  impulses 
from  above  downwardsw 

The  horizontal  and  oblique  fibres  of  an  anterior  or 
motor  nerve  root  enter  the  grey  matter  of  the  anterior 
oomu,  and  seem  to  have  the  following  arrangement: 
some  become  directly  continuous  with  the  axial  cylindrical 
processes  of  the  nerve  cells;  others  pass  into  the  antoior 
commissure;  others  extend  as  far  as  the  grey  matter  of 
the  posterior  hom«  The  nerve  cells  of  the  anterior  comu 
give  origin,  therefore,  directly  to  nerve  fibres  by  their  un- 
branched  processes.  Gerlach's  observations  show  that  the 
branched  processes  of  these  cells  become  contanuoua  with 
the  network  of  extremely  minute  fibres  already  described 
in  the  grey  matter;  from  this  network  meduUated  fibres 
appear  to  arise  which  leave  the  grey  matter;  some  enter  the 
lateral  column,  and  ascend  as  the  fibres  of  this  structore; 
others  pass  as  fibres  of  the  anterior  oommissnre  to  the 
opposite  side  of  the  cord,  and  ascend  as  the  anterior  cdomn 
of  that  side.  The  anterior  and  lateral  ccdmnns,  therafbra, 
are  constantly  receiving  aooessiona  of  fibres  from  the 
enclosed  grey  matter. 

The  fibres  of  a  posterior  or  sensory  nerve  root  on  entering 
the  cord  subdivide  into  two  bundles;  one  doea  not  enter  the 
grey  matter,  but  applies  Heelf  to  the  posterior  odhmn,  aC 
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which  it  f  onns  some  of  the  yertical  fibres.  These  fibres 
may  ascend  to  the  bFain,  or  they  may  at  some  higher  point 
in  the  cord  enter  the  grey  matter  of  the  posterior  horn.  The 
other  bandk  of  poeterior  root  fibres  at  once  enters  the 
posterior  horn  of  grey  matter.  The  connections  and  ulti- 
mate amngement  of  these  fibres  in  the  grey  matter  have 
not  been  satisfactonly  made  out  Gerlach  states  that,  as 
they  frequently  subdivide  on  entering  the  grey  matter,  it 
is  possible  they  may  form  the  fine  nerve  fibre  plexus  of  the 
grey  substance;  but  a  direct  continuity  between  them  and 
the  axial  cylinder  processes  of  the  cells  of  the  posterior 
bom  does  not  seem  to  have  been  observed.  From  the 
plexus,  formed  by  the  much  subdivided  processes  of  these 
eells,  fibres  arise,  which,  forming  the  filnes  of  the  pos* 
terior  commissure,  pass  both  in  front  of  and  behind  the 
central  emal  to  the  opposite  side,  where  they  ascend  towards 
the  brain,  ^  psrtly  in  the  vertical  f ssciculi  of  the  posterior 
eomua  and  partly  in  the  posterior  columns." 

The  stractnre  of  the  spinal  cord  shows  it  to  be  both  a 
nerve  centre  and  a  conductor  of  nervous  impulses.  The 
nerve  ceUs  in  its  grey  matter  give  rise  either  directly, 
or  through  the  delicate  plexus  formed  by  their  branching 
processes,  to  nerve  fibres,  which  may  either  pess  oat  of 
the  cord  sa  the  anterior  and  posterior  roots  of  the  spinal 
■erves,  or  may  ascend  to  the  brsin  as  the  columns  of  the 
cord.  Hence  the  cord  is  aaatomieally  eontinnoiis,  on  the 
ome  hand,  through  the  nerves  which  arise  itom  it,  with  the 
peripheral  end-oigans  in  the  skin,  and  muscular  system  in 
wUek  those  nerves  tenniaate;  and,  on  the  other  hand,  it  is 
eontinu0us  with  the  brain.  It  serves,  therefore,  to  conduct 
the  impulses  of  touch-sensation  from  the  skin  upwards 
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...  ^;  •}-<;:  hav.^  rvL-'r,  eTc-it'-i  l^t  by  the  Cy7••^^!te  h^'A  of 
*)-*r  c  rl.  v,:l.  h  i-  f-i'vi. --]v  u:e  :-•  the  CT.>sii:j  of  the 
M'r».'-!  of  !h*r  j»^>teri'.r  CTmn.i-sr.rv-.  3L:or  in^TTessi'-ns 
'■.r*'  }i'py,ffy>fr.  o-ii<in<.t^'«l  downward*  l-v  th.it  half  tf  the 
^''fcl  frorri  i^hi^h  the  nerves  ah?*  that  ji-i  i^.*  ^u:•I•!y  the 
li.jv.leo  t/>  he  niove.h 

'Hi'-  KT.jijJiI  Ci»r(i  i-  W'.'II  -rTT'T'hed  with  M-x-d  bv  nunierons 
;ii'ter;e",  ^hkh  raiiiify  n<>t  only  in  the  jia  mater  investing 
i*^  jH-rij-li/.-ry,  Imt  in  the  j»r<'C€^-ses  which  tiip  into  the 
itnAhm  fL^-iiin.-.'*,  more  e-T'eeiailv  the  anterior.  Small 
aiteri'.-H  enter  the  Ion;iitn<linal  colnmns  j>erpendicidar  to 
flieir  fna  HurfaccH,  nimifv  in  the  connectiAe  tissue  frame- 
work,  a/id  end  in  a  fapillarj  plexus  f<»r  the  sui>ply  of  the 
tii-rvv,  lilin-M.  (>th«:r  ves^eI.s,  S(jmewhat  larger  in  size,  pass 
tliroii^li  the  ci»liimn.s  into  the  grey  matter,  where  they  also 
iiie  rf»nnecti«l  with  a  c-.ii»iII.'iiT  i>lexu.s.  Tlie  capillaries  are 
iiiiirli  more  numerous  in  the  grey  matter  of  the  cord  than 
in  the  white  cohnnuH.  Jn  transverse  sections  through  the 
roi'd  It  pair  of  Huiall  vessehs  may  often  be  seen  imbedded  in 
the  neuro<^Iia  of  the  iK)sterior  commissure;  these  vessels 
III-  panilUil  to  and  at  the  sides  of  the  central  canal  (Fig,  74). 
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ObIOIN,  AIUULKOSMENT9  AND  DiSTBIBUnON  OF  THE 

Spinal  Nerves. 

The  spinal  coid  gives  origin  to  thirty-one  pairs  of  Spinal 
nerves,  which  pass  oat  of  the  spinal  canal  through  the 
intervertebral  foramina.  These  nerves  are  arranged  in 
giaapa,  according  to  the  region  of  the  spine  through  the 
foramina  in  which  they  proceed.  There  are  eight  pairs  of 
cervical  nerves;  the  first  or  wb^MsipUal  emerges  between 
the  occipital  bone  and  the  atlas ;  the  eighth  between  the 
seventh  cervical  and  first  dorsal  vertebrso.  Twelve  dorsal 
or  thoracic  nerves  pass  ont  on  each  side  in  relation  to  the 
dorsal  vertebrae:  five  pairs  of  Inmbar  nerves  in  the  region 
c^  the  loins;  five  pairs  of  sacnd  nerves  through  the  sacral 
and  sacro-coccygeal  foramina;  and  one  pair  of  coccygeal 
nerves  through  the  lowest  openings  in  the  spinal  canaL 
Each  spinal  nerve-trunk  arises  by  two  roots,  an  anterior 
and  a  potUrior^  from  the  aide  of  the  cord.  These  roots 
are  distinguished  from  each  other  both  anatomically  and 
physiologically.  The  posterior  root  has  a  swelling  or 
ganglion  on  it,  whilst  no  ganglion  exists  on  the  anterior 
root  The  posterior  root  consists  of  sensory  nerve  fibres, 
&.«.,  of  fibres  which  conduct  impulses  from  the  periphery 
Into  the  nerve  centre;  whilst  the  anterior  root  is  composed 
of  motor  nerve  fibres,  i«.,  of  fibres  which  conduct  im- 
pulses from  the  centre  to  the  periphery.  The  ganglion  on 
the  posterior  root  is  situated,  as  a  rule^  in  the  interverte- 
bral foramen;  but  the  lower  sacral  nerves  have  the  ganglia 
on  their  posterior  roots  in  the  spinal  canaL  These  ganglia 
contain  bipolar  nerve  cells,  and  the  nerve  fibres,  as  they 
pass  through  each  gang^on,  are  apparently  continuous  with 
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the  poles  of  the  cells.  The  roots  of  the  spinal  nerves  van- 
in  direction  and  lengtL  Those  of  the  cervical  nerves 
are  short,  and  run  almost  horizontally  outwards  to  their 
respective  intervertebral  foramina;  those  of  the  dorsal  are 
longer  and  more  oblique;  whilst  the  roots  of  the  lumbar 
and  sacral  nerves,  owing  to  the  cord  ending  much  above 
the  foramina  through  which  the  nerves  proceed,  are  very 
long,  and  form  a  leash  of  nerves  in  the  lower  part  of  the 
spinal  canal,  which  leash  surrounds  the  filum  terminale, 
and,  from  its  general  resemblance  in  arrangement  to  the 
hairs  of  a  horse's  tail,  has  been  named  cauda  equina. 

The  anterior  nerve  root  joins  the  posterior  inmiediately 
outside  the  ganglion,  and  by  their  junction  a  spinal  nerve- 
trunk  is  formed.  This  nerve  contains  a  mixture  of  both 
motor  and  sensory  fibres,  and  is  compound  therefore  in 
function.  Almost  immediately  after  its  formation  the 
nerve-trunk  separates  into  two  divisions,  an  anterior  and 
a  posterior,  and  each  division,  like  the  nerve  itself,  con- 
tains both  motor  and  sensory  fibres. 

The  Posterior  Primary  Divi^ion^  of  the  spinal  nerve - 
trunks,  smaller  than  the  anterior,  are  distributed  both  to 
the  muscles  and  skin  on  the  back  of  the  axial  part  of  the 
body.  Their  general  arrangement  is  as  follows :  each 
division,  except  the  first  cervical,  two  lower  sacral,  and 
coccygeal,  subdivides  into  an  internal  and  an  external 
branch.  The  first  cervical  or  suh-occipital  ners^e  extends 
backwards,  Ij'ing  on  the  neural  arch  of  the  atlas,  and  sup- 
plies the  posterior  recti,  the  obliqui,  and  complexus  muscles. 
Tlie  two  lower  sacral  and  coccygeal  unite  in  a  loop-like 
manner  behind  the  sacrum,  and  supply  the  skin.  In  the 
back  of  the  neck  and  the  back  of  the  upper  part  of  the  chest, 
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the  external  bxancheB  of  the  posterior  primaiy  divisions 
sapplj  the  deep  mnsdes  of  the  back;  the  internal  branches 
pierce  the  mnscles  dose  to  the  spines  of  the  yertebne,  and 
end  in  the  skin;  the  internal  branch  of  the  second  nerve^ 
called  great  oecipUal^  and  that  of  the  third  cervical,  pass 
to  the  skin  over  the  occipital  bona  In  the  back  of  the  lower 
part  of  the  chest  and  of  the  loins,  the  internal  branches 
sapplj  the  deep  muscles  of  the  back,  the  external  branches 
pass  to  the  skin,  those  of  the  upper  Inmbar  nerves  extend- 
ing as  far  as  the  skin  of  the  bnttock. 

The  Anterior  Frvmary  DivUioM  are  not  so  uniform 
either  in  arrangement  or  distribution  as  are  the  pos- 
terior. They  supply  the 
front  and  sides  of  the  axial 
part  of  the  neck  and  trunk, 
and  the  extremities.  The 
anterior  divisions  of  the 
twelve  thoraeie  nerves  have 
the  most  simple  arrange- 
ment Each  nerve,  called 
from  its  position  an  inter- 


na.  7&— DUffnm  of  the  amngement  of  a 
COtial     nerve,     runs     out-     pair  of  thoracic  siilnalneirea   SCipliial 
^  cord;  AH,  anterior  nenre  root;  PR,  poe- 

tarlor  root,  with  It*  gaa^km;  PD,  poa- 
lerior  prlmarx  dlTUion;   AD,  antcalor 


primary  dirldon,  or  intorcostal  nenre; 
SO,  sympathetic  iraaglion,  with  the  com- 
nvnicatuiic  hrandiee  between  It  and  the 


anterior  dlrlelon;  M,  mtieclei,  with  the 
motor  hraschea  entering  them;  lAX 
lateral  cutaneone,  and  AC,  anterior 
eotaneoBi  branches 


wards,  inmiediately  below 
the  lower  border  of  a  rib, 
and  gives  origin  to  three 
series  of  branches,  named 
communicating,  muscular, 
and  cutaneous.  By  the  Communicating  branch  each  in- 
tercostal nerve  is  connected  with  an  a4jacent  ganglion 
on  the  thoracic  portion  of  the  sympathetic  system.  By 
the  Mu$cular  or  motor  branches  these  nerves  supply 
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the  intercostal  musdee,  the  levatores  ooetamm,  and  the 
triangolaroa  steniiy  whilst  the  lower  intercostal  nerves 
run  forwards  and  downwards  into  the  wall  of  the  abdo- 
men, and  supply  the  oblique,  the  transverse,  the  recti,  and 
pjnramidales  muscles.  The  skin  of  the  sides  of  the  thorax 
and  abdomen  receiyes  its  nervous  supply  from  the  Lateral 
Cutaneotu  branches,  whilst  the  skin  on  the  front  of  the 
trunk  is  supplied  by  the  Anterior  Ctitaneaua  terminationB  of 
these  nerves.  The  lateral  cutaneous  branches  of  the  second 
and  third  intercostal  nerves  are  comparatively  large  in  siae, 
and  assist  in  the  supply  of  the  skin  of  the  inner  side  of 
the  upper  arm;  hence  they  are  called  intercosio^umeral 
nerves.  The  first  thoracic,  usually  called  the  Jiret  dorml 
nerve,  for  the  most*  part  ascends  into  the  neck,  to  aid  in 
forming  the  brachial  plexus;  only  a  small  branch,  ex- 
tending along  the  intercostal  space  as  the  first  intercostal 
nerve  (Fig.  76,  1).  The  twelfth  thoracic,  usually  called 
the  tiodfth  dorsal  nerve,  runs  along  the  lower  border  of 
the  twelfth  rib. 

In  the  regions  of  the  neck,  loins,  and  pelvis,  the  anterior 
divisions  of  the  spinal  nerves  do  not  pass  simply  outwards 
to  their  distribution.  In  each  region  adjacent  nerves  iii> 
terlace  with  each  other,  and  form  what  is  technically  called 
a  nervouM  plexus.  When  a  branch  arises  from  a  thoracic 
nerve,  it  contains  fibres  derived  from  that  nerve  only ;  but 
when  a  branch  arises  from  a  plexus,  it  may  contain  fibrea, 
not  of  one  only,  but  of  two  or  more  of  the  nerves  which, 
by  their  interlacement,  form  the  plexus.  Hence  the  parts 
which  aro  supplied  by  these  branches  are  brought  into  con* 
nection  with  a  greater  number  of  nerves,  and  consequently 
with  a  greater  extent  of  the  spinal  cord  or  nerve  centre. 
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than  are  the  parts  which  receive  branches  from  a  single 
nerve  only.  These  plexuses  are  especially  found  in  con- 
nection with  the  nerves  which  supply  the  extremities^ 
where,  owing  to  the  complexity  of  the  muscular  move- 
ments, the  coH>rdination  of  these  movements  through  the 
nervous  system  is  rendered  necessaiy. 

The  anterior  divisions  of  the  eight  cervical  nerves  are 
arranged  in  two  plexuses,  named  cervical  and  brachiaL 

The  Cervieal  plexus  is  fonned  of  the  four  upper  cervical 
nerves,  which  make,  by  interlacement  with  each  other, 
a  series  of  loops  in  front  of  the  transverse  processes  of  the 
cervical  vertebra  (Fig.  76).  Arising  either  directly  from 
these  nerves,  or  from  the  plexus  which  they  form,  are  com- 
municating, muscular,  and  cutaneous  branches.  The  Comr 
muHteating  branches  connect  these  nerves  with  the  large 
superior  cervical  ganglion  of  the  sympathetic  Sjrstem,  also 
with  the  vagus,  accessory,  and  hypoglossal  cranial  nerves, 
and  with  the  descending  branch  of  the  hypoglossal,  these 
last  being  especially  called  eommunicaniet  nani.  The  Mus- 
cular branches  supply  the  anterior  recti  muscles  of  the  neck, 
the  levator  scapulie,  the  posterior  scalenus,  the  diaphragm, 
and  in  part  the  stemo-mastoid  and  traperius.  The  branch 
to  the  diaphragm,  or  the  phrenic  nerve,  is  the  most  impor- 
tant ;  it  springs  from  the  third,  fourth,  and  fifth  cervical, 
and  passes  down  the  lower  part  of  the  neck,  and  through  the 
thorax,  to  supply  its  own  half  of  the  diaphragm;  Luschka 
has  described  twigs  proceeding  from  the  phrenic  to  the 
pkura,  pericardium  and  peritoneum.  The  Cutaneofus 
branches  are  as  follows: — the  occipitalis  minor ^  a  branch 
of  the  2d  cervical  goes  to  the  skin  of  the  occiput ;  the 
avricu^^^Msro^iciean,  a  branch  of  the  2d  and  3d  cervical, 
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to  the  skin  oyer  the  parotid  gland  and  the  adjacent  part 
of  the  auride ;  the  tranwerscUia  ooU%  also  from  the  2d  and 
3d  cervical,  to  the  skin  of  the  front  of  the  side  of  the 
neck ;  the  iuprordavicular  nerves,  firom  the  3d  and  4th 
cervical,  to  the  skin  of  the  lower  part  of  the  side  of  the  neck, 
and  upper  part  of  the  chest 

The  Brachial  plexus  is  formed  of  the  four  lower  cervical 
nerves,  and  of  the  larger  portion  of  the  first  thoracic,  called 
also  first  dorsal  nerve  (Fig.  76).  It  is  of  large  size,  and  is 
principally  for  the  supply  of  the  upper  limb.  Its  exact  mode 
of  arrangement  presents  many  variations,  but  the  following 
is  not  unfrequently  found: — ^The  fifth  and  sixth  nerves  join 
to  form  a  large  nerve,  which,  after  a  short  course,  is  joined 
by  the  seventh;  in  this  manner  the  upper  card  of  the 
plexus  is  formed.  The  eighth  cervical  and  the  first 
dorsal  then  join,  to  form  the  lower  cord  of  the  plexus. 
The  cords  then  pass  behind  the  clavicle  and  subclavius 
muscle  into  the  axilla,  where  they  become  modified  in 
arrangement  From  each  a  large  branch  arises,  and  these 
two  branches  then  join  to  form  a  third  cord.  The  three 
cords  have  special  relations  to  the  axillary  artery :  the  one 
which  lies  to  its  outer  side  is  named  the  outer  cord  ;  that  to 
the  inner,  the  inner  cord;  that  behind,  the  posterior'  conL 
These  nerves  and  the  cords  formed  by  them  give  origin  to 
communicating,  muscular,  cutaneous,  and  mixed  branches. 
The  Communicating  branches  join  the  middle  and  in- 
ferior  cervical  and  first  thoracic  ganglia  of  the  sympathetic 
system.  The  Muscular  branches  supply  the  scaleni,  longua 
colli,  rhomboid,  and  subclavius  muscles;  also  the  supra 
and  inf  ra-spinatDS  muscles,  through  a  branch  called  supra- 
scapular,  which  arises  from  the  cord  formed  by  the  5th 
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no.  70.— Dlignm  of  OotImI  and  KaehUl  PImium. 
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aiul  Gth  cervical ;  the  serratus  magiius  muscle,  through  the 
posterkn-  thoracic  branch,  which  also  arises  from  the  5th  aud 
Gth  cervical  nerves ;  the  greater  and  lesser  pectorals,  through 
the  two  cmtanor  thoracic  branches  which  arise,  one  from  the 
outer  and  one  from  the  inner  cord ;  and  the  subscai)ularis, 
teres  major,  and  latissimus  dorsi  muscles,  through  the  three 
fiuhscapular  branches,  which  arise  from  the  i)osterior  cord. 
The  Cutaneous  branches  arise  from  the  inner  cord,  and  are 
the  lesser  internal  cutaneous ,  which  ends  in  the  skin  of  the 
inner  side  of  the  ui)i)er  ann,  and  joins  the  intercosto- 
humeral;  and  the  internal  catanaous,  which  not  only  sends 
branches  to  the  skin  of  the  ui)j)er  arm,  but  supplies  the 
skin  of  the  inner  side  of  the  forearm,  both  on  its  anterior 
and  posterior  surfaces.  The  Mixed  branches  are  large  and 
very  important: — a,  The  Circumjfex,  from  the  posterior 
cord,  sui)plies  muscular  branches  to  the  deltoid  and  teres 
minor  muscles,  a  cutaneous  branch  to  the  skin  over  the  del- 
toid, and  an  articular  branch  to  the  shoulder  joint,  h,  The 
Muscf/io-^Sjfiralj  which,  as  it  were,  continues  downwards 
the  posterior  cord,  sui)plics  muscuJar  branches  to  the 
triceps  and  anconeus,  to  the  supinator  longus  aud  extensor 
carpi  radialis  longior  muscles ;  by  its  internal  cutuneuus 
branch  the  skin  of  the  back  of  the  upper  arm,  and  by  iti> 
ext<rnal  cuinnrous  branch,  tlie  skin  of  the  outer  side  of  the 
back  of  the  forearm.  It  then  divides  into  the  radial  and 
posterior  interosseous  branches.  The  radial  passes  down 
the  forearm  to  the  hand,  and  supplies  the  skin  on  the  back 
of  the  thumb,  index  and  middle  digits,  and  radial  side  of 
the  ring  digit.  T\i(i  jxtsteriQr  interosseous  pierces  the  supin- 
ator radii  brevis,  sui>plies  the  muscles  on  the  back  of  the 
forearm  and  the  articulations  of  the  carpal  joints,     c,  The 
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JiMMcuh-CfUaneouB  branch  of  the  outer  cord  of  the  plexns 
supplies  the  biceps,  brachialis  anticus,  and  coraco-biachialis 
muscles,  and  ends  in  an  external  cutaneous  branch,  which 
supplies  the  skin  of  the  outer  side  of  the  foreann,  both  in 
front  and  behind,     d,  The  Ulnar  nenre  arises  from  the 
inner  cord,  passes  through  the  upper  arm,  and  enters  the 
foreann  between  the  inner  condyle  and  olecranon,  where 
it  supplies  an  articular  branch  to  the  elbow  joint     Here 
it  maj  easily  be  compressed,  when  a  pricking  sensation  is 
experienced  in  the  course  of  its  distribution.     In  this  spot 
it  is  popularly  called  the  "  funny  bone."    In  the  forearm 
the  ulnar  nenre  supplies  the  flexor  carpi  ulnaris  and  inner 
part  of  the  flexor  profundus  digitorum  muscles.     In  the 
hand  it  supplies  the  palmaris  brevis,  the  mnsdes  of  the 
baU  of  the  little  finger,  the  two  inner  lumbricales,  the  inter- 
oasei  muscles,  and  the  adductor  and  deep  part  of  the  short 
flexor  of  the  thumb.     It  also  supplies  a  dorsal  cutaneous 
branch  to  the  back  of  jthe  hand,  and  the  back  of  the  little 
and  of  the  ulnar  side  of  the  ring  digits.    Palmar  cutaneous 
branches  are  also  given  to  the  palm  and  to  the  palmar  aspects 
of  the  same  digits.    «,  The  Median  nerve  arises  by  two  roots, 
one  from  the  inner,  the  other  from  the  outer  cord  of  the 
plexus.     It  enters  the  foiearm  in  front  of  the  elbow  joint, 
between  the  two  heads  of  the  pronator  radii  teres,  sup- 
plies, either  directly  or  through  its  anterior  interosseous 
branch,  all  the  flexors  and  pronators,  except  those  supplied 
by  the  ulnar ;  is  continued  to  the  hand,  where  it  supplies  the 
abductor,  opponens,  and  superficial  part  of  the  short  flexor 
of  the  thumb,  and  the  two  outer  lumbrical  muscles.    It 
also  supplies  a  palmar  cutaneous  branch  to  the  skin  of  the 
palm,  and  gives  digital  cutaneous  branches  to  the  thumb. 
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index  and  middle  digits,  and  ladial  side  of  the  ring 
digit 

The  Lwrnbar  plextu,  of  laige  size,  is  situated  at  the  back 
of  the  abdominal  cavity  in  the  region  of  the  loins,  and  is 
formed  by  the  fonr  upper  lumbar  nenres,  which  f onn  a 
series  of  loop-like  interlacements  in  front  of  the  transYerse 
processes  of  the  lumbar  vertebrse  (Fig.  77).     It  gives  origin 
to  communicating,  muscular,  cutaneous,  and  mixed  bianchesL 
The  CommufdcaHfiff  branches  join  the  four  upper  lumbar 
ganglia    of    the    sympathetic    system.      The   Mtueular 
branches   supply  the  quadratus  lumborum  musde,  and 
give  branches  to  the  psoas.    The  CuUmecms  branches  are 
named — a,  IluhhypogoHricj  which  arises  from  the  1st 
lumbar  nerve,  gives  an  iliac  branch  to  the  skin  of  the  but- 
tock, and  a  hypogastric  branch  to  the  skin  of  the  abdomen 
above  the  pubic  symphysis;   6,  lUo-inguinal,  also  from 
the  Ist  lumbar  nerve,  supplies  the  skin  of  the  grainy 
this  nerve  is  by  some  said  to  send  a  branch  to  the  in- 
ternal oblique  muscle;  c.  External  Cutaneous^  from  the 
2d  and  dd  lumbar  nerves,  supplies  the  skin  on  the  outer 
aspect  of  the  thigh.      The  Mixed  branches  are  as  fol- 
lows : — a,  OeniUHTuralf  chiefly  from  the  2d  lumbar,  sup- 
plies the  cremaster  muscle,  and  a  cutaneous  branch  to  the 
skin  of  the  groin.     6,  Anterior  Crural,  chiefly  from  the  3d 
and  4th  lumbar  nerves,  but  partly  from  the  2d,  is  a  laige 
nerve  which  enters  the  thigh  by  passiag  behind  Poupart'a 
ligament,  and  supplies  mtueular  branches  to  the  great  ex- 
tensor musdes  of  the  knee-joint,  viz.,  the  rectus  femoris, 
crursBus,  vastus  intemus,  and  extemus,  and  also  the  sar- 
torius,  the  psoas-iliacus  and  the  pectineus,  which  act  asflexon 
of  the  hip-joint;  it  also  gives  off  the  following  euianeom 
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branchea : — ^An  internal  cutaneous  to  the  skin  of  the  inner 
side  of  the  thigh,  a  middle  cutaneous  to  the  skin  of  the 
middle  of  the  front  of  the  thigh,  and  the  Umg  saphenous 
nerve,  which  eapplies  the  skin  of  the  inner  side  of  the  knee- 
joint,  the  inner  side  of  the  leg  and  the  foot  c,  Obturator,  also 
from  the  3d  and  4th  lumbar  nerves,  leaves  the  pelvis  through 
the  obturator  foramen,  and  supplies  muscular  branches  to 
the  obturator  eztemus,  gracilis,  three  adductor  muscles  of 
the  thigh,  and  the  pectineus;  it  also  supplies  articular 
branches  to  the  hip  and  knee  joints,  and  not  unfrequently 
gives  a  cutaneous  branch  to  the  skin  of  the  lower  part  of 
the  inner  side  of  the  thigL  d.  An  Accessory  Obturator 
nerve,  also  from  the  3d  and  4th  lumbar,  is  sometimes 
present,  which  goes  to  the  pectineus,  to  the  hip-joint,  and 
also  joins  the  obturator  nerve. 

The  Lumbo-saeral  Card  is  formed  of  the  fifth  lumbar 
nerve  and  of  a  branch  from  the  fourth  lumbar  (Fig.  77).  It 
joins  the  sacral  plexus.  Before  the  junction  it  gives  origin  to 
a  oonmiunicating  and  a  muscular  branch.  The  Commum- 
eating  joins  the  fifth  lumbar  ganglion  of  the  sympathetic 
The  Muscular  branch,  or  superior  gluUxal  nerve,  supplies 
the  gluteus  medius,  minimus,  and  tensor  f  ascue  f  emoris 
musdes. 

The  Sacral  plexus  lies  in  the  cavity  of  the  pelvis,  and  is 
the  hugest  of  all  the  plexuses.  It  is  formed  by  the  junction 
of  the  lumbo^kcral  cord,  the  first,  second,  third,  and  part 
of  the  fourth  sacral  nerves,  and  appears  as  a  flattened  mass 
in  front  of  the  sacrum  (Fig.  77).  It  gives  origin  to  com- 
municating, muscular,  and  mixed  branches.  The  Camr 
wkumcating  branches  join  the  upper  sacral  ganglia  of  the 

sjrmpathetic  system.    The  Muacular  branches  supply  the 

Q 


upper  fibns  of  die  glHteuB  mziiini%  tbo  pyrifonnii^ 
gcmelU,    qnadntos    femotii,     a&d     obtantor     intenws 


Flo.  77.— Lambu,  Bunl,  and  S*av-eoR>||«>]  ^«itB*M.  DXn.  Uie  lowH*  llMradt 
jterrs  ot  Uu  bMrcoital  Hrioi  i  LI  to  IV.  tbe  Bflrreaof  tlK  luatar  ptaiw;  %\ 
tlH  flltti  IsmlMU',  witb  B,  the  Ianbi>4Unl  ctrt ;  HI  Ui  IV,  Horn]  Dtm  (aUc 
lofom  tba  uenl  pluuj  V  udCI,  Iha  Mctv-ceargwd  plaiiu;  aiCkatB  at 
BDRUft  ot  the  ermpatbatic  eritam,  ihfrwljiir  theeomminilnllBf  bnaabaawltli 
the  eplDil  Denae:  t,  tba  Uat  of  tboa  mngUa,  oUed  ooccrinal  tta^lam.  ar 
fan^on  bDpar ;  b,  poaltJoD  of  lolaT  pLakoa ;  1,  Ql^^fpofaatric  w — ^  ~  '  "^ 
Ingulntl!    "    ■  '     — ■ ■     "    ■- 

nnucles.    1%«  Mixed  nerres  &re  u  foQowa : — a,  Prndicy 
wUch  siq»p1ies  ivpa;fteial  perineal  bianchea  to  the  akin  of 
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the  ecternal  organs  of  generation;  mtucular  branches  to 
their  muscles ;  a  Umg  dorscd  branch  to  the  dorsum  penis, 
which  ends  in  the  sensitiye  surface  of  the  glans,  and  tra- 
ferior  hasmorrJundal  branches  to  the  skin  about  the  anus. 
6,  SfMU  Sciatic,  which  supplies  not  only  muacuiar  branches 
to  the  lower  fibres  of  the  gluteus  maximus  muscle,  but 
eutaneofu  branches  to  the  skin  of  the  buttock,  the  back  of 
the  thigh,  of  the  popliteal  space,  and  of  the  leg ;  it  also 
gives  a  Umgjntdendal  branch  to  the  skin  of  the  perineum. 
tf,  Oreat  Sciatic,  the  largest  nenre  in  the  body,  leaves  the 
pelvis  through  the  great  sciatic  foramen,  and  passes  down 
the  back  of  the  thigh,  when  it  divides  into  external  and 
internal  popliteal  branches.  Before  dividing  it  supplies 
articular  branches  to  the  hip-joint  and  muacular  branches  to 
the  three  hamstring  muscles,  and  to  the  adductor  magnus. 
The  external  popliteal  branch  gives  articular  branches  to 
the  knee-joint,  passes  down  the  outer  side  of  the  leg,  gives 
off  the  communican9  peranei  branch  to  the  skin  of  the  outer 
side  of  the  back  of  the  leg,  and  divides  into  the  musculo- 
cutaneous and  anterior  tibial  nerves.  ThemueculO'Cutaneotu 
nerve  supplies  muscular  branches  to  the  peronei  longus  and 
brevis,  and  cutaneous  branches  to  the  dorsum  of  the  foot 
and  the  dorsal  surfaces  of  all  the  toes,  except  the  outer  side 
of  the  little  and  the  adjacent  sides  of  the  great  and  second 
toes.  The  anterior  tibial  passes  to  the  front  of  the  leg, 
supplies  muscular  branches  to  the  tibialis  anticus,  peroneus 
tertius,  long  and  short  extensor  muscles  of  the  toes,  and  ter- 
minates as  the  cutaneous  digital  nerve  for  the  adjacent  sides 
of  the  great  and  second  toes.  The  internal  popliteal  branch 
gives  articular  branches  to  the  knee-joint,  and  supplies  the 
eommunicans  tibialis  nerve,  which  joins  the  communicans 


inu!i(;lca.     TIic  Mixed  nerves  arc  as  follows : — a,  Pmlic, 
whioh  aupi)lica  superficial  perineal  branclies  to  the  skin  of 
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the  ecternal  organs  of  generation ;  mtucular  branches  to 
their  mnsdes ;  a  long  dorsal  branch  to  the  dorsum  penis, 
which  ends  in  the  sensitiye  surface  of  the  i^ans,  and  in- 
ferior hamorrhoidal  branches  to  the  skin  about  the  anus. 
bf  Small  SeioHCf  which  supplies  not  ojAymtueular  branches 
to  the  lower  fibres  of  the  glutaeus  maximus  musde,  but 
eutai^eous  branches  to  the  skin  of  the  buttock,  the  back  of 
the  thigh,  of  the  popliteal  space,  and  of  the  leg ;  it  also 
giTes  a  longpudendal  branch  to  the  skin  of  the  perineum. 
e,  OrwU  ScUUicy  the  largest  nerve  in  the  body,  leaves  the 
pelvis  through  the  great  sciatic  foramen,  and  passes  down 
the  back  of  the  thigh,  when  it  divides  into  external  and 
internal  popliteal  branches.  Before  dividing  it  supplies 
ariicular  branches  to  the  hip-joint  and  muscular  branches  to 
the  three  hamstring  muscles,  and  to  the  adductor  magnus. 
The  external  popliteal  branch  gives  articular  branches  to 
the  knee-joint,  passes  down  the  outer  side  of  the  leg,  gives 
off  the  communtoam  peronei  branch  to  the  skin  of  the  outer 
side  of  the  back  of  the  leg,  and  divides  into  the  musculo- 
cutaneous and  anterior  tibial  nerves.  Themueculo-cutaneous 
nerve  supplies  muscular  branches  to  the  peronei  longus  and 
breviB,  and  cutaneous  branches  to  the  dorsum  of  the  foot 
and  the  dorsal  surfaces  of  all  the  toes,  except  the  outer  side 
of  the  little  and  the  a4]acent  sides  of  the  great  and  second 
toes.  The  anterior  tibial  passes  to  the  front  of  the  leg, 
supplies  muscular  branches  to  the  tibialis  anticus,  peroneus 
tertius,  long  and  short  extensor  muscles  of  the  toes,  and  ter- 
minates as  the  cutaneous  digital  nerve  for  the  adjacent  sides 
of  the  great  and  second  toes.  The  internal  popliteal  branch 
gives  articular  branches  to  the  knee-joint,  and  suppHes  the 
communicans  tibialis  nerve,  which  joins  the  oommunicans 
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peronei,  and  f  onns  with  it  the  external  eapkenous  nerve  that 
passes  to  the  outer  side  of  the  foot  and  little  toe.  The 
internal  popliteal  also  sapplies  the  mnsdes  of  the  calf  and 
the  poplitens  muscle,  and  ends  as  the  posterior  tibial  nenre. 
The  poeterior  tibial  nerve  passes  down  the  ba^  of  the  1^, 
supplies  mtucular  branches  to  the  tibialis  posticuB  and  long 
flexors  of  the  toes,  gives  off  a  cutaneous  Ixanch  to  the  skin 
of  the  heel,  and  terminates  by  dividing  into  the  internal 
and  external  plantar  nerves.  The  internal  plantar  nerve 
supplies  the  skin  of  the  sole  and  sends  digital  branches  to 
the  skin  of  the  great,  second,  third,  and  tibial  side  of  the 
fourth  toes;  it  abo  supplies  muecular  branches  to  the 
abductor  pollids,  flexor  brevis  digitomm,  flexor  bievis 
pollicis,  and  two  inner  lumbrical  musdes.  The  external 
plantar  nerve  supplies  digital  branches  to  the  skin  of  the 
little  toe  and  fibular  side  of  the  fourth  toe,  and  muscular 
branches  to  all  the  muscles  of  the  sole  of  the  foot  which 
are  not  supplied  by  the  internal  plantar  nerve. 

The  Sacro/Joecygeal  plexus  is  the  smallest  belonging  to 
the  anterior  divisions  of  the  spinal  nerves.  It  is  formed  by  a 
part  of  the  fourth  sacral,  the  fifth  sacral,  and  the  coccygeal 
nerves.  It  lies  in  front  of  the  last  sacral  and  the  first  coccy- 
geal vertebrae,  and  gives  origin  to  communicating,  visceral, 
muscular,  and  cutaneous  branches.  The  Ccmmunicaiting 
branches  join  the  lower  sacral  and  the  coccygeal  ganglia  of 
the  sympathetic  system;  the  Vieceral  pass  to  the  pelvic 
plexus  of  the  sympathetic,  and  through  it  to  the  bladder 
and  rectum ;  the  Muscular  to  the  levator  ani,  coccygens, 
and  sphincter  ani  extemns  muscles;  the  Cutanetms  to  the 
skin  about  the  anus  and  tip  of  the  coccyx. 
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The  B&Anr  os  Encefhalok. 

^  By  the  term  B&ain  or  Eitgbphalon  is  meant  all  that 
part  of  the  central  nervona  axis  which  ia  contained  within 
the  cavity  of  the  akolL  It  ia  divided  into  several  parts, 
named  medulla  oblongata,  pons,  oerebeUom,  and  cerebrunu 
The  medulla  oblongata  is  directly  continuous  with  the 
spinal  cord  through  the  foramen  magnum.  The  cerebel- 
lum lies  above,  and  immediately  behind  the  medulla  ob- 
longata, with  which  it  is  directly  continuous.  The  pons 
lies  above  and  in  front  of  the  medulla,  with  which  it  is 
directly  continuous.  The  cerebrum  is  the  highest  division, 
and  lies  above  both  pons  and  cerebellum,  with  both  of 
which  it  is  directly  continuous. 


XEDULLA  OBLOirOATA. 

The  Medulla  Oblongata  rests  upon  the  basi-ocdpitaL 
It  is  somewhat  pyramidal  in  form,  about  1^  inch  long,  and 
1  inch  broad  in  its  widest  part  It  is  abilateni  organ,  and 
ia  divided  into  a  right  and  a  left  half  by  shallow  anterior 
and  posterior  median  fissures,  continuous  with  the  coRie- 
aponding  fissures  in  the  spinal  cord ;  the  posterior  fissure 
ends  above  in  the  4th  ventricle.  Each  half  is  subdivided 
into  elongated  tracts  of  nervous  matter.  Next  to,  and 
parallel  with  the  anterior  fiasuxe  is  the  atUeriar  pfframid. 
This  pyramid  is  continuous  below  with  the  cord,  and  the 
place  of  continuity  is  marked  by  the  passage  across  the 
fissure  of  three  or  four  bundles  of  nerve  fibres,  from  each 
half  of  the  cord  to  the  opposite  anterior  pyramid;  this  crosst 
lag  is  called  the  decustatum  of  the  pymmidi  (Figs.  78,  79>, 
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'.:  t^.j  '.  r :  k-  ::.•:•  r-ir-:::  r:„  r  .-.v:  ii.-i  wnte  ?.e::.ier  tracts 
*::;.•;:_••;  :':.::.  th-i  :..-.  ii^r.  ::rr.'^  vf  the  4th  vcLtricIe,  pass 
'  .f/.-ir-'i-.  acr-.-s  it-  r!.-  r.  CiL.i  f  n::  the  ^  -:\t  v>  hH\r-:s  or 
ti- ',,iy*''f^r:.  the  r-r^t-  of '. njii.  vf  thtr  ^iiAit.n*  nerve  Fig.  S3). 
TK*;  v.,iAWi\'-x  oi.loij.'ata,  like  the  t::L:J  oorvi,  "^ith  which 
j*.  )-.  oojjtirjuou.-,  coD^i.■«t.•^  b^th  L-f  L:rey  and  white  matter, 
li  Jt  t}jc  ^xt»,rior  of  the  niclulla  is  nut  so  exclusively  formed 
of  v.Jiiif;  mattor  a.s  i.s  the  outer  j-art  of  the  cord,  for  the 
rliv<:r^'f;nco  from  each  other  of  the  re^jtifurm  bodies  and 
]»<>tt<;rior  ];yramid.->  of  oppo.'ite  sides  opens  out  the  central 
part  of  the  njo<hilIa,  and  allows  the  grey  matter  to  become 
H'ip«  rfi(;ial  on  tho  floor  of  the  4th  ventricle.     The  nerve 
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fibres,  wMch  enter  into  the  formation  of  the  pyramids  and 
the  other  tracts  just  describedy  are  partly  continnous  below 
with  the  columns  of  the  spinal  cord,  and  are  prolonged 
upwards  either  to  the  pons  and  cerebrum,  or  to  the  cere- 
bellum, or  they  partly  take  their  rise  in  the  medulla 
oblongata  itself  from  the  cells  of  its  grey  matter.  As  the 
medulla  is  a  bilateral  organ,  its  two  halves  are  united 
together  by  commissural  fibres,  which  cross  obliquely  its 
mesial  plane  from  one  side  to  the  other,  and  as  they  decus- 
sate in  that  plane,  they  form  a  well-marked  mesial  septum 
or  raphi.  Further,  the  medulla  is  a  centre  of  origin  for 
seversl  pairs  of  the  more  posterior  encephalic  nerves,  and  for 
the  vaso-motor  nerves.  In  the  passage  upwards  through 
the  medulla  of  the  columns  of  the  cord,  a  ro^urrangement 
of  their  fibres  takes  pkce ,  just  as  in  a  great  central  railway 
station,  the  lines  of  rails,  which  enter  it  in  one  direction, 
intersect  and  are  rearranged  before  they  emerge  from  it  in 
the  opposite  direction*  The  fibres  of  the  posterior  median 
column  of  the  cord  are  prolonged  upwards  as  the  posterior 
pyramid.  The  fibres  of  the  funiculus  cuneatus  of  the  pos- 
terior column  of  the  cord  are  for  the  most  part  prolonged 
upwards  into  the  restif  orm  body,  though  some  fibres  pass  to 
thefrontof  the  medulla  to  participate  in  the  decussation  of  the 
anteriorpyiamids.  Thelateralcolumnof  the  corddivides  into 
three  parts :  a,  the  greater  number  of  its  fibres  pass  inwards 
across  the  anterior  median  fissure,  to  assist  in  forming 
the  anterior  pyramid  of  the  opposite  side,  so  as  to  produce 
the  decussation  already  referred  to;  6,  others,  which  form 
the  deep  cerebellar  fibres  of  Solly,  join  the  restiform  body; 
c,  others  form  the  fcuciculua  teres  situated  on  the  floor  of  the 
4th  ventricle.    The  anterior  column  of  the  cord  also  divides 


into  three  parts :  a,  some  fibres  form  the  arcifonn  fibres 
and  join  the  restiform  body ;  b,  others  assifit  in  the  for- 
mation   of   the  oliTary 
fasdcnlna ;  e,  others  are 
prolonged  npvarda   in 
the  anterior  pyramid  <A 
the  some  aide  (Fig.  78). 
The  anterior  pyramid 
consists  partly  of  films 
of  the  anterior  colnmn 
of  the  cord  of  the  same 
side,   partly    of   decos- 
sating  fibres  of  the  ante- 
rior comndssore,  partly 
of    decnasating     fibrea 
from  the   poeteriw  co- 
lumns and  posterior  cor- 
na  of  grey  matter,  hot 
flhrn  or^ruuVtT^uunor'iTnjnidi  principally  of  thedecna- 
bodiM;  if.  ounrj  fudeiilu  In  Uis  poni:  satwg  fibiesof  the  lateral 
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lateral  columns  of  the  cord  in  the  formation  of  the  (i^Tamids, 
the  motor  nerve  fibres  from  one-half  of  the  brain  are  trans* 
mitted  to  the  opposite  side  of  the  cord,  so  that  i^joriea 
affecting  one  side  of  the  brain  occasion  paialysiB  of  th« 
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motor  neires  arising  from  the  opposite  half  of  the  cord, 
and  consequent  paralysis  of  the  muscles  supplied  by  those 
neryea  The  olivary  fasciculus  is  formed  partly  of  fibres  of 
the  anterior  column  of  the  same  side,  and  partly  of  fibres 
arising  from  the  grey  matter  of  the  olive.  It  is  continued 
upwards  through  the  pons  to  the  cerebrum.  The  restif orm 
body  is  formed  principally  of  fibres  of  the  funiculus  cuneatus 
of  the  posterior  column  of  the  same  side,  but  partly  of  fibres 
of  the  lateral  column,  and  also  of  the  ardf orm  fibres  from 
the  anterior  column,  and  from  the  grey  matter  of  the 
superior  and  inferior  olives.  As  the  restiform  body  is 
continued  upwards  to  the  cerebellum,  and  forms  its  inferior 
peduncles,  the  ardf  orm  fibres  have  been  called  by  Solly  the 
nqoerfteial  eereheUarJibrea  of  the  anterior  columns.  Through 
the  restiform  body  the  cerebellum  is  connected  with  the  pos- 
terior, lateral,  and  anterior  columns  of  the  cord  as  well  as 
with  the  olivary  nuclei  in  the  grey  matter  of  the  medulla 
oblongata.  The  posterior  pyramid  consists  of  the  posterior 
median  column  of  the  cord,  and  is  prolonged  through 
the  pons  to  the  cerebrum.  The  fasciculus  teres  is  formed 
of  a  small  part'of  the  lateral  column  of  the  cord,  and  is 
also  prolonged  through  the  pons  to  the  cerebrum. 

The  ^rep  matter  of  the  medulla  oblongata,  which  contains 
numerous  multipolar  nerve  cells,  is  in  part  continuous  with 
the  grey  matter  of  the  spinal  cord,  and  in  part  ocmsists  of  in- 
dependent masses.  As  the  grey  matter  of  the  cord  enters  the 
medulla  it  loses  its  crescentic  arrangement  The  posterior 
comua  are  thrown  outwards  towards  the  surface,  lose  their 
pointed  form,  and  dilate  into  rounded  masses  named  the 
grey  tubercles  of  Rolando  (Fig.  79),  whilst  portions  are  pro- 
longed into  both  the  posterior  pyramid  and  the  restiform 
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body,  and  form  the  ganglia  pott-pgramidalta  of  Clarke. 
The  grey  matter  of  the  anterior  comna  and  of  the  inter- 
medio-lateral  tracts  loses  its  continuity,  and  becomes 
BubdiTided  into  numerous  small  masses,  owing  to  being 
traversed  by  bundles  of  nerve  fibres,  which  give  rise  to  a 
network  termed  formaUo  retieularit,  in  the  meshes  of  which 
the  groups  of  nerve  cells  are  contained.  In  the  lower  part 
of  the  medulla  a  central  canal  continuous  with  that  of  the 
cord  exists,  but  when  the  restif  orm  bodies  and  posterior 
pyramids  on  the  opposite  sides  of  the  medulla  diverge  from 
each  other,  the  central  canal  loses  its  posterior  boundary, 
and  dilates  into  the  cavity  of  the  4th  ventricle.  The  grey 
matter  in  the  interior  of  the  medulla  appears,  therefore,  on 
the  floor  of  the  ventricle;  that  which  corresponds  to  the 
anterior  comua  being  situated  immediately  on  each  side  of 
the  median  furrow,  whilst  that  which  is  continuous  with 
the  grey  tubercles  of  Bolando  and  the  posterior  comua  is 
some  distance  external  to  it  This  grey  matter  contains 
collections  of  nerve  cells,  which  are  the  centres  of  origin  of 
the  more  posterior  encephalic  nerves. 

Of  the  independent  masses  of  grey  matter  of  the  medulla, 
that  which  forms  the  corpus  dentatum  within  the  olivary 
body  is  the  most  important,  and  constitutes  the  niM^^etM  of  the 
inferior  olive  (Fig.  80).  It  is  folded  on  itself  in  a  zig-2ag  or 
denticulated  manner,  and  forms  a  sort  of  capsule  open  on 
the  inner  aspect,  through  which  openings  a  btmdle  of  nerve 
fibres  firom  the  interior  of  the  capsule  proceeds.  These 
fibres  aid  in  the  formation  of  the  olivary  fasciculus,  and  as 
Deiters  and  Meynert  have  pointed  out,  in  part  ardi  across  the 
mesial  plane  and  join  the  restiform  body  on  the  opposite  side, 
whilst  some  apparently  join  the  posterior  pyramid.    The 
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nerve  cells  of  tlie  olive  are  multipolar  and  flask-shaped,  and 
in  all  probability  give  origin  to  tlie  nerve  fibres  proceeding 
from  the  interior  of  the  capsule.  Separated  from  the  inner 
part  of  the  olive  by  a  layer  of  reticular  substance  is  a  smaller 
grey  mass,  called  by  Stilling  the  nudeus  of  the  aecumjry 
olive.  Crossing  the  anterior  surface  of  the  medulla  6blong!ita» 
immediately  below  the  pons,  in  the  majority  of  mammals 
is  a  transverse  arrangement  of  fibres  forming  the  Urgoedtam, 
which  contains  a  grey  nucleus,  named  by  Van  dor  Kdk 
the  tuperior  dive.  In  the  human  brain  the  trapeamn  is 
included  within  the  lower  transverse  fibres  of  the  pons,  but 
when  sections  are  made  through  it,  as  L.  Clarke  pointed  oot^ 
the  grey  matter  of  the  superior  olive  can  be  seen.  M^nert 
states  that  its  nerve  cells  give  origin  to  som^  fibres,  which  run 
straight  backwards  to  the  restif  orm  body  of  the  same  aide, 
and  to  others  which  pass  across  the  mesial  plane  to  die 
opposite  corpus  restif  orme. 

PONS. 

The  Pons  Yabolu  or  Bridgb  (Figs.  78,  94),  is  cuboidal 
in  form:  its  anterior  surface  rests  upon  the  dorsum 
sell»  of  the  sphenoid  bone,  and  is  marked  by  a  median 
longitudinal  groove;  its  inferior  surface  receives  the  pyra- 
midal and  olivary  tracts  of  the  medulla  oblongata ;  at  its 
superior  surface  are  the  two  crura  cerebri;  each  lateral 
surface  is  in  relation  to  a  hemisphere  of  the  oerebeOum, 
and  a  peduncle  passes  from  the  pons  into  the  interior  of 
each  hemisphere ;  the  posterior  surface  forms  in  part  the 
upper  portion  of  the  floor  of  the  4th  ventricle,  and  in  part 
is  in  contact  with  the  corpora  quadrigemina. 

The  pons  consists  of  white  and  grey  matter.     The  nerve 
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Sbres  of  the  while  maUer  pass  throu^  the  substance  of 
the  pons,  either  in  a  transverse  or  a  longitudinal  direction. 
The  tranmferse  fiJbru  go  from  one  hemisphere  of  the 
eerebellnm  to  that  of  the  oppoeite  side ;  some  are  situated 
on  the  anterior  surface  of  the  pons,  and  form  its  superficial 
transverse  fibres,  whilst  others  pass  through  its  substance 
and  form  the  deep  transverse  fibres.  The  transverse  fibres 
of  the  pons  constitute,  therefore,  the  commissural  or 
connecting  arrangement  bj  which  the  two  hemispheres  of 
the  cerebellum  become  anatomically  continuous  with  each 
other.  The  hnffUudnuU  fibres  of  ike  pons  ascend  or  pass 
vertically  upwards  from  the  medulla  oblongata,  and  consist 
of  the  fibres  of  the  anterior  pjrramids,  olivary  f asdcnli, 
fasciculi  teretes,  and  posterior  pyramids.  They  leave  the 
pons  by  emeiging  from  its  upper  surface  as  fibres  of  the 
two  crura  cerebri  The  pons  possesses  a  median  raphe 
continuous  with  that  of  the  medulla  oblongata,  and  formed 
like  it  by  a  decussation  of  fibres  in  the  mesial  plana 

The  grep  matter  of  the  pons  is  scattered  irregularly 
throu^  its  substance,  and  appears  on  its  posterior  surface, 
but  not  on  the  anterior  surface,  which  is  composed  ezdu- 
dvely  of  the  superficial  transverse  fibre&  It  is  traversed 
both  by  the  bngitudinal  and  deep  transverse  fibres,  which 
form  a  well-defined  farmatio  retieularii.  To  a  portion  of 
grey  matter,  containing  nerve  cells  charged  with  dark 
pigment,  the  name  of  locus  ecendeue  is  applied.  The  locus 
lies  on  the  floor  of  the  4th  ventricle,  dose  to  the  entrance 
to  the  aqueduct  of  Sylvius,  and  serves  as  the  origin  of  the 
aensQiy  root  of  the  5th,  and  perhaps  of  the  posterior  root  of 
the  4th  cranial  nerva  The  nerve  cells  of  the  ponsare  multi- 
polar and  stellate.    The  pons  acts  as  a  conductor  of 
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impressions  through  its  nerve  fibres,  and  as  a  centre  of 
origin  of  nerve  fibres  from  nerve  ceDs.  Mejnert  states  that 
some  of  the  fibres  of  the  crura  cerebri  end  in  the  nerve 
cells  of  the  pons,  whidi  cells  again  give  origin  to  fibres 
that  pass  outwards  to  the  cerebellum. 


CEBEBELLUIC. 

The  Cerebellum,  Little  Brain,  or  After  Brahi 
(Figs.  81,  91),  occupies  the  inferior  pair  of  occipital  foasie, 
and,  along  with  the  pons  and  medulla  oblongata,  lies  below 
the  plane  of  the  tentorium  cerebelli  It  consists  of  two  hemi- 
spheres or  lateral  lobes,  and  of  a  median  or  central  lobe,  which 
in  human  anatomy  is  called  the  wrmifcfm  process.  It  is 
connected  below  with  the  medulla  oblongata  by  the  two  resti- 
form  bodies  which  form  its  inferior  peduncles^  and  above  to 
the  corpora  quadrigemina  of  the  cerebrum  by  two  bands, 
which  form  its  superior  peduncles;  whilst  the  two  hemi- 
spheres are  connected  together  by  the  transverse  fibres  of  the 
pons,  which  f onn  the  middle  peduncles  of  the  cerebeUnm. 
On  the  superior  or  tentorial  surface  of  the  cerebellum  the 
median  or  vermiform  lobe  is  a  mere  elevation  (Fig.  91  v), 
but  on  its  inferior  or  occipital  surface  this  lobe  forms  a 
well-defined  it^erior  vermiform  process,  which  lies  at  the 
bottom  of  a  deep  fossa  or  vallecula  (Fig.  81) ;  this  fossa  is 
prolonged  to  the  posterior  border  of  the  cerebellum,  and 
forms  there  a  deep  notch  which  separates  the  two  hemi- 
spheres from  each  other ;  in  this  notch  the  f alx  cerebelli  is 
lodged.  Extending  horizontally  backwards  from  ike 
middle  cerebral  peduncle,  along  the  outer  border  of  each 
hemisphere  is  the  ffreat  horizontal  fissure,  which  divides 
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the  cerebeUmn  into  its  tentorial  and  occipital  Borfoces. 
Hie  tentorial  soiiace  is  anbdivided  1^  fisenrea  into  two 
■mailer  lobes,  named  »tq>enor  anterior  and  nqterior  pot- 
terior.  The  occipital  BQifBce  is  also  sabdiTided.  In  eacli 
bemisphere  ma;  be  aeen  from  behind  fonrarda  the  potterior 


no.  (L— Oedpiul  arfm  of  Cnvbellom. 
•^-  lobs:  h,  k. 


inferior  lobe,  the  itender  lobe,  the  l>ivmlr<tl  lobe,  and  the 
Jtoeadiu,  which  laat  named  is  situated  immediately  bdiind 
the  middle  pedonde  of  the  cerabellmn.  Immediately 
internal  to  the  biventral  lobe  la  the  amsgdala  at  tonsil,  which 
forma  the  lateral  bonndaiy  of  the  anteiior  part  of  the  valle- 
eul&.  l%e  inferior  Termiform  process  is  subdirided  into  a 
posterior  part  or  pyramid  ;  an  elevation  or  uvula,  sitiiated 
between  the  two  tonsils ;  and  an  anterior  pointed  process 
or  tiodule.  Stretching  between  the  two  floccoli,  and 
attached  midway  to  the  sides  of  the  nodnle,  is  a  thin, 
whit^  semilonar-ehaped  pUte  of  nerrona  matter,  called  the 
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posterior  medullary  vdum^  whilst  the  layer  of  grey  matter 
stretching  between  the  uvula  and  tonsil  on  each  side  is 
called  ^<dfurr<Med  hand. 

The  whole  outer  surface  of  the  cerebellum  possesses  a 
characteristic  foliated  or  laminated  appearance,  due  to  its 
subdivision  into  multitudes  of  thin  plates  or  lamellg  by 
numeroDs  fissures.    The  cerebellum  consists  both  of  grey 
and  white  matter.     The  grey  matter  forms  the  exterior  or 
cortex  of  the  lamells,  and  passes  from  one  to  the  other 
across  the  bottom  of  the  several  fissures.     The  whit« 
matter  lies  in  the  interior  of  the  organ,  and  extends  intu 
the  core  of  each  lamella.    When  a  vertical  section  ia  made 
through  the  organ,   the  prolongations  of  white  matter 
branching  off  into  the  interior  of  the  several  lMnAll»  girt 
to  the  section  an  arborescent  appearance,  known  by  the 
fanciful  name  of   arbor  vitas  (Fig.   83).      Independent 
masses  of  grey  matter  are,  however,  found  in  the  interk.f 
of  the  cerebellum.    If  the  hemisphere  be  cat  through  i 
little  to  the  outer  side  of  the  median  lobe,  a  zig-zag  arrange 
ment  of  grey  matter,  similar  in  appearance  and  atnictBr 
to  the  nucleus  of  the  olivary  body  in  the  medulla  oUoiigat^ 
and  known  as  the  earpus  dentatum  of  the  cerebelhiin.  ^ 
seen ;  it  lies  in  the  midst  of  the  white  core  of  the  hec<.- 
sphere,  and  encloses  white  fibres,  which  leave  the  inten  * 
of  the  corpus  at  its  inner  and  lower  side.     Stilling  has  dr 
scribed,  in  connection  with  the  anterior  end  of  the  i: 
ferior  vermiform  process,  which  projects  forwards  into  u 
valve  of  Yieussens,  and  aids  in  the  formation  of  the  r^^ 
of  the  4th  ventricle,  two  grey  masses,  named  roof  mm.'^ 
They  possess  flask-shaped  nerve  cells  like  those   cf  t. 
corpus  dentatunu 
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The  white  matter  is  more  abundant  in  the  hemiBpheres 

than  in  the  median  lobe,  and  is  for  the  most  part  directly 

continaoiis  with  the  fibres  of  the  pednndes  of  the  cere- 

beUont    Thus  the  restifonn  or  inferior  pednndes  pass 

from  below  upwards  throogh  the  white  core^  to  end  in  the 

grey  matter  of  the  tentorial  surface  of  the  cerebellnmy 

more  espedally  in  that  of  the  median  lobe ;  on  their  way 

they  are  connected  with  the  grey  matter  both  of  the 

corpus  dentatum  and  of  the  roof  nudeL    The  superior 

pedundeSy  which  descend  from  the  corpora  quadrigemina  of 

the  cerebrum,  reach  the  grey  cortical  matter,  more  espeddly 

on  the  inferior  surface  of  the  cerebellum,  though  they  also 

form  connections  with  the  corpus  dentatum.    The  middle 

peduncles  form  a  large  proportion  of  the  white  core,  and 

their  fibres  terminate  in  the  grey  matter  of  the  foliated 

cortex  of  the  henuspheres.     But,  in  addition  to  these 

peduncular  fibres,  which  connect  the  cerebellum  to  other 

subdivisions  of  the  encephalon,  ito  whjte  matter  contains 

fibres  proper  to  the  cerebellum  itself.    The  JUnw  propruB 

have  been  especially  described  by  Stilling ;  some,  which  he 

has  termed  the  median  fasciculi,  lie  near  the  mesial  plane, 

and  connect  the  grey  matter  on  the  tentorial  aspect  of  the 

middle  lobe  with  that  of  the  inferior  vermiform  process, 

whilst  others  cross  directly  the  mesial  plane  to  unite  opposite 

and  symmetrical  regions  of  the  hemispheres.    Further,  the 

auditory  nerve  was  said  by  Foville  to  derive  some  of  its 

fibres  of  origin  from  the  cerebellum ;  the  connection  of  this 

nerve  with  the  cerebellum  has  been  strongly  insisted  on  by 

Meynert,  and  this  anatomist  has  also  ascribed  a  cerebellar 

origin  to  a  portion  of  the  sensory  root  of  the  5th  cranial 

nerve. 

R 


The  jrrvjr  matter  of  the  cortex  u  divided  into  tvo  weQ- 
defined  layers,  an  aOarnal  prey  or  edlvlar  layer,  and  an 
inner  rwt  coloured  layer  of  about  equal  thickneaa.  The 
mat  coloured  layer  is  diatipguiahed  t^  oontaining  mnlti- 
tndes  of  ao  tailed  "  granules,"  the  well-defined  nncleua  in 
which,  as  described  by  Sttachan,  is  invested  by  a  Bmall 


Plo.  n.— Votlnl  *Miion  thnnfh  •  (oIlBn  •< '      . 
gnjmUUt.  Inwbleb  m  Ui>  corpiucld  of  Purklnls:  I,  Inner  orr 

liTUi  F,  flbiHof  thawUMcon;  V,  V,  T«wili  In  U»pbi 

highly  raifiiUlcd  tlB*  o(  th*  "(rmBol««"  "  ■' ■  — '- 


quantity  of  branched  prott^Iaam.  Theae  "  gtannlea"  are, 
therefore,  minute  stellate  cells.  The  mst  coloured  layer 
is  at  least  tmce  aa  thick  in  that  part  of  each  cerebellar 
leaflet  which  Ilea  next  the  mr&ce,  as  oppoeita  the  bottom 
of  a  fisauTQ  between  ac^acent  leafleta  (Fig.  83).  Tha 
characteristic  nerve  calla   of  the  cerebellom,  named  tha 
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wrptuda  of  Puridt^fef  are  dtnated  in  the  grey  ceUular 
layer.  The  body  of  each  cell  lies  doee  to  the  junction  of 
the  oallnlar  and  rost  ooloond  layers  with  each  other,  and 
the  slender  central  process  arising  from  each  cell  enters  the 
mat  coloured  layer,  and,  as  the  observations  of  Hadlich 
and  Koediennikoff  show,  becomes  continnons  with  the 
axial  cylinder  of  a  mednllated  nerve  fibre ;  for  the  nerve 
fibres  of  the  white  core  enter  this  layer,  divide  into  minnte 
fibres,  and  ramify  amidst  the  grannies.  From  the  oppo- 
site aspect  of  each  cell  two  peripheral  processes  arise, 
and  ramify  in  an  antler-like  manner  in  the  external  grey 
layer.  Obersteiner  and  Hadlich  maintain  that  the  finer 
branches  of  these  processes  conre  back  towards  the  rust 
coloured  layer,  where,  according  to  Boll,  they  form  a  net- 
work of  extreme  minnteness,  from  which  it  is  believed 
that  nerve  fibres  may  arise.  The  substratum  of  the  grey 
layer,  in  which  the  branched  processes  of  the  cells  of 
Porkiige  lie,  consists  of  a  very  delicate  neuroglia,  in  which 
scattered  corpuscles  are  imbedded ;  but,  in  the  outer  part 
of  this  layer,  delicate  supporting  coimective  tissne-like 
fibres  are  also  met  witL  The  blood-vessels  of  the  invest- 
ing pia  mater  pass  into  the  cellular  layer  of  grey  matter 
and  form  in  it  a  rich  capillary  plexus.  Some  pass  through 
the  cellular  into  the  rust  coloured  layer,  where  they  also 
form  a  rich  capillary  network,  and  from  them  smaller 
▼easels  are  prolonged  into  the  white  core,  the  vascularity 
of  which  is  comparatively  feeble. 

The  Faufik  Vemtride  is  the  dilated  upper  end  of  the  cen- 
tral canal  of  the  mednlla  oblongata.  Its  shape  is  like  an 
heraldic  loeenge.  Its  floor  is  f  <»rmed  by  the  grey  matter  of 
the  posterior  surfaces  of  the  medulla  oblongata  and  pons; 


260 


AKATOMT. 


hs  roof  partly  by  the  inferiot  Tenniform  procem  of  the  eer^ 
bdlom,  tiie  iwduk  of  which  pngecte  into  ite  cavi^,  and 
partly  by  a  thin  layer,  called  valve  of  Viautau,  or  anttrwr 
medullar!/ velum ;  ita  lower  lateral  booAdariea,  by  the  diver- 
gent reetiform  bodies  and  poeterior  pyiamida ;  its  upper 
lateral  bonndarieB,  by  the  enperior  pedundea  of  the  cere- 
bellum; the  reflection  of  the  arachnoid  membrane  fnin  the 


Fio.  91— Floor  of  the  Fonrtli  Ventricle  ud  ndji 
(land :  I.  tbs  nUeti  Hid  S,  tta<  tM«  at  the  uiinn  qntdiiiBiiliia ;  4,  ^ 
mtddJe  pedmiclei,  i.  G.  npcrldr  pednndF*,  fl,  «.  InfBrlor  pedoDdf*  ef  th* 
«nbel)Dniorre«Ut)nDl»dJ<*i«.a,TilTeotVleuHudlTlded:  I.  7,  faadcall 
isnta;  a,  B.  RKiU  or  the  Mdltorr  narrMi  (',  eorpni  dcabuun;  tO^  l(k  pa»- 
mior  pTiWDldj  I  11,  alunu  ■o^AoTlcu, 

back  of  the  medulla  to  the  inferior  vermiform  prooeea  cloaea 
it  in  below ;  above,  it  commiuucateB  with  the  aqueduet  o^ 
Sytviut,  which  is  tunnelled  throogh  the  substaoca  of  the 
corpora  qnadrigemina.  Along  the  centre  of  the  floor  is 
the  median  furrow,  which  terminateB  below  in  a  pen-shaped 
form,  the  eo-called  ealamut  teripforius.  Situated  on  its 
floor  are  the  fasciculi  teretea,  strin  acooeticte,  and  deposits 
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cf  grey  matter  described  in  coimeetion  with  the  medaUa 
oblongata.  Its  epithelial  Kning  is  continnonB  with  that  of 
the  central  canaL  Magendie  many  years  ago  pointed  out 
that  the  cavity  of  the  4th  ventricle  communicated  below 
throng  a  small  orifice  with  the  sulnirachnoid  space.  Key 
and  BetziuB  have  recently  described  two  additional  com- 
munications, one  on  each  side  of  the  anterior  part  of  the 
floor  of  the  ventricle.  Through  these  openings-  vascular 
folds  of  the  pia  mater,  named  the  ehorcid  pUxtues  of  the 
4th  ventricle,  enter  its  cavity. 


CKBEBSUM. 

The  Cebsbbum  or  Qbeat  Brain  lies  above  die  plane 
of  the  tentorium,  and  forms  much  the  largest  division  of 
the  encephalon.  It  is  customary  in  human  anatomy  to 
include  under  the  name  of  cerebrum,  not  only  the  convo- 
lutions, the  corpora  striata,  and  the  optic  thalami,  developed 
in  the  anterior  cerebral  veside,  but  also  the  corpora  quadri- 
gemina  and  crura  cerebri  developed  in  the  middle  cerebral 
vesicle.  The  cerebrum  is  ovoid  in  shape,  and  presents 
superioriy,  anteriorly,  and  posteriorly  a  deep  median  Umgitu- 
dined  fiuurty  which  subdivides  it  into  two  hemispheres. 
Inferiorly  there  is  a  continuity  of  structure  between  the 
two  hemispheres  across  the  mesial  plane,  and  if  the  two 
hemispheres  be  drawn  astmder  by  opening  out  the  longi- 
tudinal fissure,  a  broad  white  band,  the  eorpuB  eaUontm, 
may  be  seen  at  the  bottom  of  that  fissure  passing  across  the 
mesial  plane  from  one  henusphere  to  the  other.  The  outer 
surface  of  each  henusphere  is  convex,  and  adapted  in  shape 
to  the  concavity  of  the  inner  table  of  the  cranial  bones. 
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Its  inner  surface,  which  forms  the  sides  of  the  longitudinal 
fissure,  is  flat  and  is  separated  from  the  opj.X)site  hemi- 
sphere by  the  falx  cerebri.    Its  under  surface,  where  it  rests 
on  the  tentorium,  is  concave,  and  is  separated  by  that 
membrane  from  the  cerebellum  and  pons.     From  the  front 
of  the  pons  two  strong  white  bands,  the  cruiri  cerebri  or  cen  • 
hral  jx'dujides,  pass  fonvards  and  upwards  to  enter  the  optic 
thalami  in  their  respective  hemispheres.     Winding  round 
the  outer  side  of  each  crus  is  a  flat  white  Inind,  the  opt'>r 
tract.     These  tracts  converge  in  front,  and  join  to  form 
the  optic  commissi'.rey  from  which  the  two  <>]>tic  nerrcs  arise. 
The  cnu'a  cerebri,  optic  tracts,  and  optic  ct^minissure  enclose 
a  lozenge-shaped  space,  whicli  includes  from  behind  for- 
wards— a  J  a  grey  layer,  called  pons  Tarini,  which,  from 
being  perforated  by  several  small  arteries,  is  often  called 
focus  pe7ifr/ratus  posticus;  h,  two  white  mammilla?,  the  cor- 
pora  albiaxnfia;  r,  a  grey  nodule,  the  tn?j€r  cinereinn,  from 
which,  d,  the  infinidihdum  projects  to  join  the  pituitary 
body.     Immediately  in  front  of  the  optic  commissure  is  a 
grey  layer,  the  lamina  cinerea  or  lamina  terminalis  of  tlie 
3d  ventricle;  and  between  the  optic  commissure  and  the 
inner  end  of  each  Sylvian  fissure  is  a  grey  spot  perforated 
by  small  arteries,  the  locus  pt-rf or cdns  antirus. 

The  peripheral  part  of  each  hemisphere,  which  consists 
of  grey  matter,  exhibits  a  characteri.stic  folded  appearance, 
kno^^^l  as  the  convolntions  or  (pjri  of  the  cerel^rum.  These 
convolutions  are  separated  from  each  other  by  ^/isstir-es  or 
sfdri^  some  of  which  are  considered  to  subdivide  the  hemi- 
sphere into  lobes,  whilst  others  separate  the  convolutions 
in  each  lobe  from  each  other.  In  each  hemisphere  of  the 
human  brain  five  lobes  are  recognised :  the  temporo-splie- 


*rj 


THE  BRAIN — CEBEBRUV.  263 

noidal,  frontal,  parietal,  occipital,  and  the  central  lobe  or 
insola  Passing  obliquely  along  the  outer  face  of  the  hemi- 
sphere from  before,  upwards  and  backwards,  is  the  weU- 
marked  Sylwian  ftsturef  which  is  the  first  to  appear  in  the 
development  of  the  hemisphere.  Below  it  lies  the  tem- 
poro^phenoidal  lobe,  and  above  and  in  front  of  it,  the 
parietal  and  frontal  lobes.  The  frontal  lobe  is  separated 
from  the  parietal  by  iheftuure  of  Bolando^  which  extends 
on  the  outer  face  of  the  hemisphere  from  the  longitudinal 
fissure  obliquely  downwards  and  forwards  towards  the 
Sylvian  fissura  About  two  inches  from  the  hinder  end 
of  the  hemisphere  is  the  parieto-cecipital  ftuure,  which, 
commencing  at  the  longitudinal  fissure,  passes  down  the 
inner  surface  of  the  hemisphere,  and  also  transversely  out- 
wards for  a  short  distance  on  the  outer  surfoce  of  the  hemi- 
sphere; it  separates  the  parietal  and  occipital  lobes  from 
each  other. 

The  Temporo-^phenoidal  Lobe  (Figs.  84,  86)  presents 
on  the  outer  surface  of  the  hemisphere  three  convolutions, 
arranged  in  parallel  tieT$  from  above  downwards,  and 
named  mtperior^  middle,  and  inferior  temporthtphenoidal 
amvolutions.  The  fissure  which  separates  the  superior 
and  middle  of  these  convolutions  is  called  the  parallel 
fissure*  The  Oeeipiial  Lobe  also  consists  from  above 
downwards  of  three  parallel  convolutions,  named  superior, 
middle,  and  inferior  oeeipiUd,  The  Frontal  Lobe  is  more 
complex ;  immediately  in  front  of  the  fissure  of  Bolando, 
and  forming  indeed  its  anterior  boundary,  is  a  convo- 
lution named  asoending  frofUal,  which  ascends  obliquely 
backwards  and  upwards  from  the  Sylvian  to  the  longi- 
tudinal fissure.    Springing  from  the  front  of  this^  con- 
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volntion,  and  passing  forwards  to  the  anterior  end  of  the 
cerebrum)  are  three  oonyolutionSy  arranged  in  paralld  tien 
from  above  downwards^  and  named  tt^pericr,  middle^  amd 
inferior  fronJUd  eonvotidions^  which  are  also  prolonged  on 
to  the  orbital  face  of  the  frontal  lobe,  whidi  rests  on  the 
orbital  plate  ci  the  frontal  bona  The  Parietal  Lobe 
is  also  complex;  its  most  anterior  convolation,  named 
ascending  parietal^  ascends  paialleL  to  and  immediately 
behind  the  fissure  of  Bolando.  Springing  from  the  upper 
end  of  the  back  of  this  conyolntion  is  the  poeiero-paariekd 
eonvoluiion,  which,  forming  the  bomidary  of  the  longitodinal 
fissnre,  extends  as  far  back  as  the  parieto-ocdpital  fiasore; 
springing  from  the  lower  end  of  the  back  of  this  convo- 
lution is  the  mtprorfnarginal  convohUion^  which  forma  the 
uppw  bomidary  of  the  hinder  part  of  the  Sylvian  fissure ; 
as  this  gyrus  occupies  the  hollow  in  the  parietal  bone, 
which  corresponds  to  the  parietal  eminence,  it  may  appro- 
priately be  named  the  convoiuHan  of  the  partial  eminenee. 
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Fig.  85. 

Ftoa.  84  iDd  8S.--Profile  and  Tertax  t1«wi  of  Cerebnun.  />,  the  frontal  lobe; 
Jtar^  fwiieul;  Oe,  occipital;  ft,  tflmporo-aptaaioidal  lobe ;  SS,  BjMuk  flarare; 
RB,  flarare  of  Rolando ;  PO.  parieto-oodpital  flarare ;  IP,  intra^rietal  flaaore; 
PP,  Parallel  flarare;  8P  and  IF,  aopero-and  InfiBro-frontal  flMorea;  1, 1, 1, 
inferior,  ^1,1,  middle,  and  8,  8,  s,  raperior  frontal  eonvolotlona ;  4,  4, 
aanending  fttntal  conTolntion ;  A,  8,  fi»  aacendtaur  parietal,  y,  poatero-parietal, 
•ad  8, 8,  angular  conTolvtiona;  A,  anpra-marglna],  or  conTolutlon  of  the  parietal 
endnenee;  7,  7,  anporlor,  8^  8,  8^  middle^  nod  9,  8,  9,  inferior  temporo- 
aphcnotdal  eonroliitiona;  10,  anperlor,  11,  middle,  and  li,  inferior  ocdpitAl 
coDToliitiona ;  a,  fi,  y,  i,  tcnr  annectent  oonTOlotiona. 

Continuoiis  with  the  oonvolutioii  of  the  parietal  eminence 
18  the  angular  eonvohoion,  which  bends  round  the  posterior 
extremity  of  the  Sylvian  fissora  Lying  in  the  parietal  lobe 
is  the  ifUra^parietalfisiure,  which  separates  the  oonvolntion 
of  the  parietal  eminence  from  the  postero-parietal  con- 
Tolntion. The  occipital  is  connected  with  the  parietal  lobe 
by  two  <mnedent  or  bridging  gyri,  which  bridge  across  the 


transvene  external  part  of  the  parieto-oeclpital  fisnie ;  tlie 
dep^  and  extent  of  this  fiasore  vniy  in  different  Ixains  in 


Fia  86.— »de  view  of  the  Bnin  in  the  aktiU.' 
>  'At  above  view  of  the  br^<>iti(ii,»hoire  the  ralktioiu  of  tbarar- 
fftce  coDvolntion*  to  the  r^oiu  of  the  eknll.  R,  flasani  of  BoUndo, 
which  eeparatei  the  fiontal  ftom  the  puietal  loba.  PO,  parieto-occi- 
pIUl  Ouura  betw«eii  the  puistal  and  occifdl*!  lobM.  SB,  iMiira  of 
Sflviui,  wlilch  npustei  the  temporo-iphenoidal  from  the  ftontml  and 
perietal  lohei.  The  trontd  area  liea  in  front  ot  Um  caraul  Ntdic 
SF,  HP,  IF,  the  inpera-,  mid*,  and  InfcTO-frontal  •abdiWiioBi  of  Oe 
^ntal  an*  of  the  skull ;  the  lettan  an  placed  on  the  tapwior, 
middle,  and  inferior  troatal  coDTolntioni ;  the  inferior  fimtd  ragioB 
ii  aepanted  from  the  middle  troatal  bf  tlie  (rontal  Ipart  of  tlM  cnwj 
line  ot  the  temporal  rid^ ;  the  mid-  from  the  lapero-froutal  bf  a  tine 
drawn  baclcweidi  from  the  upper  margin  of  the  orbit  throogli  tte 
fMatal  eminence.  SAP,  the  inperoAnterD-parietal  area  of  the  ikaD; 
8  la  placed  on  the  aeoending  parietal  ooDTolntion,  AP  on  the  aaoanding 
fh>ntal  convolntion.  lAP,  the  infenvanteio-parlatal  hm  of  the  ikaD; 
I  ie  placed  on  the  aacendiiig  parietal,  AP  on  the  asoending  frontal  cob- 
volntion.  BPF,  the  lapero-poetenvpatletal  area  of  the  aknll ;  Um 
letten  are   placed  on  the   angnlar   oonralatloB.      IPP,  the  tBto»- 
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proportion  to  the  sixe  of  these  bridging  oonrolntiona.  The 
9uperioT  aniMcUiU  gyruB  peBses  between  the  postero-parietal 
and  the  superior  occipital  convolationsy  whilst  the  uamd  aftr 
neetent  gyrus  connects  the  middle  occipital  with  the  angular 
gyrus.  Two  annectent  gyri  also  pass  from  the  inferior  occi- 
pital convolution  to  the  lower  convolutions  of  the  temporo- 
sphenoidal  lobe.  These  lobes  of  the  cerebrum,  though 
named  after  the  bones  which  form  the  vault  of  the  skull,  are 
not  exactly  co-terminous  with  them  (Fig.  86).  The  frontal 
lobe  not  only  lies  under  cover  of  the  frontal  bone,  but  ex- 
tends backwards  under  the  anterior  part  of  the  parietal ;  for 
the  fissure  of  Rolando,  which  forms  its  posterior  boundary, 
lies  from  1^  to  2  inches  behind  the  coronal  suture.  The 
occipital  lobe  is  not  limited  to  the  upper  tabular  part  of 
the  occipital  bone,  but  extends  forwards  under  cover  of  the 
posterior  part  of  the  parietal,  for  the  parieto-ocdpital  fissure 
lies  about  f  inch  in  front  of  the  apex  of  the  lambdoidal 
fissure.  The  temporo-sphenoidal  lobe  not  only  lies  under 
the  squamous-temporal  and  great  wing  of  the  sphenoid,  but 
passes  upwards  under  cover  of  the  lower  part  of  the  parietal, 
for  the  Sylvian  fissure  passes  from  below  obliquely  upwards 

poftero-parietal  area  of  the  ekall ;  the  letters  are  pla^^  on  the  mid- 
temporo^phenoidal  conyoliition;  the  temporal  rldgeaeparatee  the  tupero- 
and  infero-parietal  regione  from  each  other;  ayertical  line  drawn  from 
the  eqnamona  to  the  sagittal  sntnre  through  the  parietal  eminence 
separates  the  antero-  and  postero-parietal  regions.  X,  the  oonvolation  of 
the  parietal  eminence,  or  snpra-marginal  gjnros.  0,  the  occipital  area 
of  the  skoll  lies  below  the  lambdoidal  satnre;  the  letter  is  placed 
on  the  mid-oodpital  oonvolation.  Sq,  the  sqnamoso-temporal  region 
of  the  skull ;  the  letters  are  placed  on  the  mid-temporo-sphenoidal  oon- 
vohition.  AS,  the  ali-sphenoid  region  of  the  sknU ;  the  letters  are 
plaeed  on  the  tip  of  the  snpero-temporo-sphenoidal  oonTolntion*  The 
blaek  lines  mark  the  boundaries  of  the  different  cranial  areas. 
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and  backwards  across  the  line  of  the  squamous  suture  near 
its  middle.  The  area  covered  by  the  parietal  bone  so  far 
then,  from  being  co-terniinous  with  the  parietal  lobe  of  the 

cerebrum,  is  trench- 
ed on  anteriorly  by 
the  frontal,  poste- 
riorly by  the  occi- 
pital, and  inferiorly 
by  the  temporo- 
sphenoidal  lobe. 
The  convolutions  of 
the  parietal  lobe 
itself  are  grouped 
around  the  parietal 
eminence,  and  in 
the  interval  between 
it  and  the  sagittal 
suture.  The  inner 
table  of  the  cranial 
bones  is  an  almost 
exact  mould  of  the 

Kic.  87.-Ovbital  surface   of  the    left  frontal  lobe    COUVolutionSof  theSC 
and  the  i*>lan<l  of   lull;    the  tip  of  the  tinij.oro-    .    .  u    i.     i.'W 

sphcnoiilal  h.be  hns  In-iii  reii)OV(  <1  to  display  tho    looeS  J     DUt     tlllS     IS 
latter.     17,  eoiivohition  of  the  iiiaix'iu  of  the  I'li^'i-  . 

tudiiml  tlsMirc;  O.  olfactory  tlsMui,  ovt-r  which    not    SO    W^th  the  CX' 
the   olfactory   pedunch;   and    lobe   are   situated; 

TR,  trl-radiatetishure;  1"  1",  convolutions  on  the    terior    of    the    SKuU, 
orbital  surface  ;  1.  1,  1,  1,  under  ^urfat•(•  of  infero- 

frontal  convolution;  4,  utulcr  surface  of  ascend-    \\iq  coufi^'uration  of 
Inff  frontal.  an<l  5.  of  asecn<lini;  parietal  con\olu-  ® 

lions;  C,  ccutnU  lobe  or  insula.  which      is     modified 

by  the  formation  of  ridges  and  processes  for  the  attach- 
ment of  muscles,  by  variations  in  the  thickness  of  the 
diploc,  and  by  the  development  of  the  frontal  and  mas- 
toid air-simises.      Hence  the  outer  surface   of  the  skull 
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does   not  correspond   in  shape  to  the  outside  of   the 


The  Central  Lobe  of  the  hemisphere,  more  usually  called 
the  wtuia  or  island  o/BeU  (Fig.  87,  C),  does  not  come  to  the 
siufaoe  of  the  hemisphere,  but  lies  deeply  within  the  Sylvian 
fissnre,  the  oonyolntions  forming  the  maigin  of  which  con- 
ceal it  It  consists  of  f onr  or  five  short  convolutions,  which 
radiate  from  the  loeue  perforatua  anHcuSf  situated  at  the 
inner  end  of  the  fissure.  This  lobe  is  almost  entirely  sur- 
rounded by  a  deep  sulcus,  which  insulates  it  from  the  adja- 
cent convolutions.  It  lies  opposite  the  upper  part  of  the 
alisphenoid,  where  it  articulates  with  the  parietal  and  squa- 
mons-temporaL 

If  the  convolutions  on  the  outer  face  of  the  hemisphere 
be  now  examined,  not  so  much  with  reference  to  their 
disposition  in  the  individual  lobes  as  to  their  general 
arrangement,  and  the  fissure  of  Bolando  be  taken  as  the 
starting  line,  it  will  be  seen  that  a  well-defined  convolu- 
tion extends  in  the  vertical  transverse  direction  immediately 
in  front  of,  and  a  second  immediately  behind,  that  fissure, 
from  the  margin  of  the  longitudinal  fissure  downwards  and 
outwards  to  that  of  Sylvius.  These;  are  the  ascending 
frontal  and  parietal  gyiL  From  the  anterior  of  these  gyri 
the  convolutions  extend  in  the  postero-anterior  direction 
to  the  anterior  end  of  the  cerebrum,  and  form  the  three 
tiers  (more  or  less  distmct  in  different  individuals)  of  the 
fnmtal  gyrL  From  the  posterior  of  these  g3nri,  also,  con- 
volutions extend  in  the  antero-posterior  direction  as  far  as 
the  posterior  end  of  the  cerebrum,  but  their  separation 
into  tiers  is  not  so  clearly  marked  as  in  the  anterior  group. 
Still  we  may  regard  the  postero-parietal  lobule,  the  first 
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annectcnt  gyrus,  and  the  superior  occipital  convolution, 
whicli  are  continuous  with  each  other,  as  forming  collec- 
tively a  superior  tier.  The  supra-marginal  convolution,  the 
angular  gyrus,  the  second  annectent,  and  middle  occipital 
gyri,  may  be  looked  upon  as  members  of  a  second  or  in- 
ferior tier,  though  their  foldings  are  often  so  complex  as 
to  add  materially  to  the  difficulty  of  determining  their 
continuity.  The  gyvi  of  the  temporo-sphenoidal  lobe, 
again,  are  characterised  by  their  correspondence  in  direc- 
tion with  the  horizontal  limb  of  the  Syhian  fissure,  below 
which  they  lie.  By  tlieir  upper  ends  they  blend  with  the 
middle  and  inferior  occipital  g}Ti,  and  vdth  the  angular 
gyrus  of  the  parietal  lobe,  and  thus,  as  it  were,  continue 
the  posterior  convolutions  of  the  inferior  tier  downwards 
and  forwards  to  the  tip  of  the  temporo-sphenoidal  lobe. 

In  this  manner  the  convolutions  just  referred  to  are  so 
associated  together  as  to  be  grouped  around,  and  form,  if 
one  may  so  express  it,  a  cap  or  hood,  which  encloses  the 
convolutions  of  the  central  lobe  or  island  of  Heil ;  and  this 
in  so  eftectual  a  manner,  that  it  is  rare  to  find  any  of  that 
structure  expo.sed.  It  is  by  the  great  development  of  the 
inferior  frontal  g}TUs,  the  lower  ends  of  the  two  ascending 
convolutions,  the  supra-marginal  convolution,  the  angular 
and  inferior  temporo-sphenoidal  gj'ri,  that  the  lips  of  the 
Sylvian  fissure  are  so  closely  approximated,  that  the  island 
is  completely  concealed  within  it. 

Convolutions  also  exist  on  the  inner  surface  of  the 
hemisphere,  and  on  the  under  surface  which  rests  on  the 
tentorium,  but  these  have  no  relation  to  the  bones  of  the 
cranial  vault.  They  may  be  studied  in  connection  with 
the  corpus  callosum  or  great  transverse  commissure,  which 
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oonneclB  the  two  hemiBphereSy  and  with  certain  fiasures 
Bitaated  on  these  sniiaoeB  of  the  hemisphere.  The  small 
oouTolQtions  which  lie  behind  the  internal  part  of  the 
parieto-oodpital  fissure  fonn  the  inner  convolntions  of  the 
occipital  lobe»  or  the  oedpital  IchuU  (Fig.  88).  Those  which 
lie  Immediately  in  front  of  the  same  fissure  belong  to  the 
inner  face  of  the  parietal  lobe,  and  form  the  qmdrilaUral 
Mmle,  It  is  customary,  howerer,  to  name  the  conyolution 
which  extends  forwards  from  the  parieto^xscipital  fissore 
along  the  margin  of  the  longitadinal  fissore  to  the  anterior 
end  of  the' hemisphere,  and  which  then  tnms  back  to  the 
locos  perf oratos  anticos,  as  the  marginal  eonvoluium.  This 
is  sepaiated  by  a  fissore  called  eallomHnarginalj  from  the 
eaUoiol  comnhaicn  or  gyruB  fijrniooBhUy  which,  commencing 
at  the  locos  perforatos  anticos,  toms  roond  the  anterior 
end  of  the  corpos  caUosom,  extends  parallel  to  its  upper 
surface,  and  then  turns  round  its  posterior  end.  It  is 
separated  from  the  corpus  callosum  by  the  caUosal  Ussure^ 
at  the  bottom  of  which  the  grey  matter  of  the  gyrus  f orni* 
oatus  terminates  in  a  well-defined  edge. 

The  caUosal  conyolution  (Fig.  88)  endoses  the  corpos 
callosum  within  the  concavity  of  its  arch,  and  from  its 
direction  is  appropriately  called  formeaius  (archnshaped). 
The  posterior  end  of  the  callosal  convolution  curves 
downwards  and  then  forwards,  under  the  name  of  ggrui 
hippooaampi^  to  the  tip  of  the  inner  surface  of  the  temporo* 
sphenoftdal  lobe.  This  gyrus  is  sepaiated  anteriorly  by  a 
narrow  curved  fissure  called  kUpptKoimpal  or  denUaU  fiuurty 
from  a  white  band,  the  Ugma  hippocampi^  which  band 
poasesses  a  free  curved  border,  round  which  the  pia  mater 
and  choroidal  arteiy  enter  the  lateral  ventricle  through  the 
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great  bansrene  fissore  of  the  cerebrum.  Tlie  hq>poc>iiipaI 
fissure  is  contiDaons  round  the  posteiior  end  of  the  cckjmm 
caQoaom  with  the  calloeal  fissure,  and  at  the  bottom  of  the 
hqipocampal  fiaanre  the  grey  matter  of  the  gyros  hippo- 
campi terminates  in  a  wel!-defined  dentated  border  {fattia 
deniata).  The  bippocampal  fissure  on  this  anifaoe  of  the 
hemisphere  marks  the  position  of  aa  eminence  in  the  de- 
scending coma  of  the  ventricle  called  kippoeiai^mt  mttfor. 
The  gyrus  hippocampi  is  separated  posteriorly  from  the 


FlOp  SS.-'^ODTOTntlDili  of  thfi  Innvr  ud  tcntoriml  mifm  of  th«  kft  Wdd- 
■phsn.  i.  ^  ^  nlloao-mirgliiil  linn ;  IL  ctlMdiit  amin ;  la,  ■■.  hM»- 
(•Diinl  iMan;  ■,  ■>,  collitcnl  Sanre;  PO,  puleto-ocdpiul  Hum*;  lT.lt, 
Dirtitu]  conniloUoDi  IS,  18.  g?""  ronteatiU!  IS'.  qudilUtsnl  lakatt: 
IB,  tilppocuDpia  grrrut  ly.  lu  remrred  tod;  It,  sce^ltal  labntoi  1^  i^  tak- 
rtor  tcmporo-tphafloldftl  conTolDlloo. 

a^acent  temporo-sphenoidal  convolution  by  a  fissnre,  named 
eoUaienU,  which  marks  the  position  on  this  sui&ce  of  the 
hemisphere  of  the  coHaUral  enUnerux  in  the  interitw  of  the 
ventricle.  From  the  lower  end  of  the  parietcKwdpHal 
fissure  an  ofi'shoot,  called  the  ca{eanne/wiiT«,pssBes«]mo« 
horizontally  backwards  in  the  ocdpital  lobe,  which  fiasure 
marks  on  this  surface  of  the  bemispherethe  eminence  oanwd 
calear  avu,  or  htppocampnt  minor,  in  the  posterior  conm  d 
the  ventricle. 
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If  a  hoiuontal  alioe  be  remoyed  from  the  apper  part  of 

each  hemisphere,  the  peripheral  grey  matter  of  the  convo- 

IntioDs  will  be  seen  to  follow  their  varioiia  windings,  whilst 

the  core  of  each  convolation  consists  of  white  matter  con- 

tinaous  with  a  mass  of  white  matter  in  the  interior  of  the 

hemisphere.    If  a  deeper  slice  be  now  made  down  to  the 

plane  of  the  corpus  callosum,  the  white  matter  of  that 

stractore  will  be  seen  to  be  continuous  with  the  white 

centre  of  each  hemisphere.     The  corpus  callotwrn  does  not 

equal  the  hemispheres  in  length,  but  approaches  nearer  to 

their  anterior  than  their  posterior  ends  (Fig.   89).     It 

terminates  behind  in  a  free  rounded  end,  whilst  in  front  it 

forma  a  knee-shaped  bend,  and  passes  downwards  and 

backwards  as  far  as  the  lamina  dnerea.    It  is  thicker  behind 

than  in  front,  whilst  the  middle  part  is  the  thinnest   If  the 

dissection  be  performed  on  a  brain  which  has  been  hardened 

in  spirit,  the  corpus  callosum  is  seen  to  consist  of  bundles  of 

nenre  fibres,  almost  the  whole  of  which  pass  transversely 

across  the  mesial  plane  between  the  two  henuspheies;  these 

fibres  may  be  traced  into  the  white  cores  and  grey  matter  of 

the  convolutions,  and  apparentiy  connect  the  corresponding 

convolutions  in  the  opposite  hemispheres.     Hence  the 

corpus  callosum  is  a  connecting  or  commissural  structure, 

which  brings  the  convolutions  of  the  two  hemispheres  into 

anaUHuical  and  physiological  relation  with  each  other.    On 

the  surface  of  the  corpus  callosum  a  few  fibres,  the  Hria 

iam^ttMdmaUi,  run  in  the  antero-posterior  or  longitudinal 

direction.     If  the  corpus  callosum  be  now  cut  through  on 

each  side  of  its  mesial  line,  the  large  cavity  or  lateral 

ventricle  in  each  hemisphere  will  be  opened  into. 

.    The  lateral  ventricle  (Fig.  89)  is  subdivided  into  a  central 

S 


xpacf  or  body,  mid  three  bent  prolongation  a  or  mrii'M  ;  the 
untKrinr  rorim  extends  forwards  and  outwards  into  tiio 
frontal    lobe ;    the   posterior    cornti   curves    backwards. 


nutwanls,  and  iiiwardn   into  the  oceiiiital  lube;    the  lir- 

n-i'iid'i'ij  roni"  cun'es  bitckivardN,  outwards,  downwards, 
forwards,  and  inwards,  behind  and  bel()w  the  optic  that 
lamu.--  into  the  li:uii>oro-siihenoidal  lobe.     On  the  floor  of 
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the  central  space  may  be  seen  from  before  backwards  the 
grey  npper  surface  of  the  pearnshaped  corpus  striatum^  and 
to  its  inner  and  posterior  part  a  small  portion  of  the  optic 
ihalamuif  whilst  between  the  two  is  the  curved  flat  band, 
the  iamia  temieiraUaris.  Resting  on  the  upper  surface  of 
the  thalamus  is  the  vascolar  firinge  of  the  velum  interposi- 
torn,  named  choroid  plexuSy  and  immediately  internal  to 
this  fringe  is  Ihe  free  edge  of  the  white  posterior  pillar  oj 
the  fornix.  The  anterior  comu  has  the  anterior  end  of  the 
corpus  striatum  projecting  into  it.  The  posterior  comu 
has  an  deration  on  its  floor,  the  hippocampue  minor ^  and 
between  this  comu  and  the  descending  comu  Ib  the  eleva- 
tion called  eminentia  collateralit. 

Extending  down  the  descending  comu  and  following 
its  curvature  is  the  hippocampus  rnqjor^  which  terminates 
below  in  a  nodular  end,  the  pes  hippocampi  ;  on  its  inner 
border  is  the  white  tcenia  hippocampi,  continuous  above 
with  the  posterior  pillar  of  the  fornix.  If  the  tenia  be 
drawn  on  one  side  the  hippocampal  fissure  is  exposed,  at 
the  bottom  of  which  the  grey  matter  of  the  gyrus  hippo- 
campi may  be  seen  to  form  a  well-defined  dentated  border 
(the  so-called  fascia  dentata).  The  choroid  plexus  of  the 
pta  mater  turns  round  the  gyms  hippocampi,  and  enters  the 
descending  comu  through  the  great  transverse  fissure  be- 
tween the  tenia  hippocampi  and  optic  thalamus.  The 
lateral  ventricle  is  lined  by  a  cylindrical  epithelium, 
which  is  in  many  parts  ciliated,  and  which  rests  on  a  layer 
of  neuroglia.  This  lining  is  continuous  through  the  fora- 
men of  Monro  with  that  of  the  third  ventricle,  which 
again  is  continuous  with  the  lining  of  the  fourth  ventricle 
through  the  aqueduct  of  Sylvius,    A  little  fluid  is  con- 
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Uiuul  ill  Hit  cerebral  vtntrkles,  wliith,  unJtT 


oQ  <jf   the   vciitrii;ii;,ir 


by  a  transverse   Incision,  and  the  posterior  half  of   this 
Btructurc  be  turned  back,  the  body  of  the  fornix  on  which 
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the  coipos  caHoBiim  resta  is  ezpoeedL  If  the  anterior  half 
of  the  corpus  calloeum  be  now  turned  f orward,  the  grey 
partition,  or  septum  luctdum^  between  the  two  lateral  ventri- 
des  is  exposed.  This  septum  fits  into  the  interval  between 
^e  under  surface  of  the  coipus  callosum  and  the  upper 
surface  of  the  anterior  part  of  the  fornix.  It  consists  of 
two  layers  of  grey  matter,  between  which  is  a  narrow  ver- 
tical mesial  space,  the,/^  ventride.  U  the  septum  be  now 
removed,  the  anterior  part  of  the  fornix  is  brought  into  view. 
The  fornix  or  arch  is  an  arch-shaped  band  of  nerve  fibres 
extending  in  the  antero-posterior  direction.  Its  ante- 
rior end  forms  the  afUerior  piers  or  pillars  of  the  arch,  its 
posterior  end  tke  posterior  piers  or  pillars,  whilst  the  inter- 
mediate body  of  the  fornix  forms  the  summit  or  crown  of 
the  arch.  It  consists  of  two  lateral  halves,  one  belonging 
to  each  hemisphere.  At  the  summit  of  the  arch  the  two 
lateral  halves  are  conjoined  to  form  the  body;  but  in  front 
of  the  body  the  two  halves  separate  from  each  other,  and 
form  two  anterior  pillars,  which  descend  in  front  of  the 
third  ventricle  to  the  base  of  the  cerebrum,  where  they 
form  the  corpora  alhicantia,  and  then  enter  the  substance 
of  the  optic  thalamusL  Behind  the  body  the  two  halves 
diverge  much  more  from  each  other,  and  form  the  posterior 
piUarB;  each  c^  which  curves  downwards  and  outwards 
into  the  descending  comu  of  the  ventricle,  and,  under  the 
aarae  of  tania  hdppoeampi,  forms  the  free  border  of  the 
hippocampus  major.  If  the  body  of  the  fornix  be  now 
divided  by  a  transverse  incision,  its  anterior  part  thrown 
forwards,  and  its  posterior  part  backwards,  the  great  trans- 
verse fissure  of  the  cerebrum  is  opened  into,  and  the  velum 
iaterpositam  lying  in  that  fissure  is  exposed  (Fig.  90). 


2 .  S  ANATOMY. 

The  V'!u77i  iTit^'-jX'Sitiny}  is  an  expanded  fold  of  pia  mater, 
which  pa>>oci  into  the  interior  of  the  hemispheres  through 
the  grovit  transverse  fissure.  It  is  triangular  in  shape;  itx 
Kise  is  in  a  line  vN^ith  the  posterior  end  of  the  corpus  callosunu 
where  it  is  continuous  with  the  pia  mat^r  investing  the 
convolutions :  its  latcnil  margins  are  fringed  by  the  choroid 
j>lexnsos,  which  are  seen  in  the  bodies  and  descending  cornua 
of  the  lilt i- nil  ventricles,  where  they  are  invested  by  the 
epithelial  lining  of  those  cavities.  Its  apex,  where  the  two 
chorc>id  I'lcxuscs  blend  with  each  other,  lies  just  behind  the 
anterior  i^ilLirs  of  the  fornix.  The  interval  between  the 
apex  and  these  pillars  is  the  aperture  of  communication 
between  the  two  lateral  ventricles  and  the  third,  already 
referred  to  ai>  the  foramen  of  Monro.  The  choroid  plexuses 
contain  tlie  small  choroid'jl  ajitries^  which  supply  the  cor- 
})ora  striata,  optic  thalami.  and  corpora  quadrigemina;  and 
the  blood  from  these  bodies  is  returned  by  small  veins, 
which  join  to  form  the  veins  of  Galen  (Fig.  90).  These  vein.s 
pass  along  the  centre  of  the  velum,  and,  as  is  shown  in  Fig. 
72,  open  into  the  straight  sinus.  If  the  velum  interpositum 
be  now  carefully  raised  from  before  backwards,  the  optic 
thalami,  third  ventricle,  pineal  gland,  and  corpora  quadri- 
gemina are  exposed. 

The  optic  thalamus  is  a  large,  somewhat  ovoid  body  situ- 
ated behind  and  to  the  inner  side  of  the  corpus  striatum, 
and  above  the  cms  cerebri  (Fig.  91).  Its  upper  surface  is 
partly  seen  in  the  floor  of  the  body  of  the  lateral  ventricle, 
but  is  for  the  most  part  covered  by  the  fornix  and  velum 
interpositum.  Its  postero-inferior  surface  forms  the  roof 
of  the  descending  cornu  of  the  ventricle,  whilst  its  inner 
surface  forms  the  side  wall  of  the  third  ventricle.     At  its 
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oat«r  and  posterior  part  are  two  ilight  elevstiotis,  placed 


one  on  bkIi  aide  of  the  optic  tract,  aad  named  reepectiTely 
eorpUM  <fenieniatum  uUtmum  and  externwrn. 

The  dUrd  vaitride  is  a  cavity  situated  io  the  mesial  plane 
bstween  the  two  optic  Hi^l*™!     Its  roof  is  formed  by  the 
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velum  iuterpositum  and  the  body  of  the  fornix;  its  floor, 
by  the  pons  Tarini,  corpora  albicantia,  tuber  cinereum, 
iufundibulum,  and  optic  commissure  ;  its  anterior  bound- 
ary, by  the  anterior  pillars  of  the  fornix,  anterior  commis- 
sure, and  lamina  cinerea ;  its  posterior  boundar}',  by  the 
corpora  quadrigemina  and  |X^sterior  commissure.  The 
cavity  of  this  ventricle  is  of  small  size  in  the  living  head, 
for  the  inner  surfaces  of  the  two  thalami  are  connected 
together  by  intermediate  grey  matter,  named  the  middle 
or  soft  coinviissure ;  but  in  taking  the  brain  out  of  the 
cranial  cavity  this  commissure  is  usually  more  or  less  torn 
through,  and  the  cavity  is  consequently  enlarged.  Imme- 
diately in  front  of  the  corpora  quadrigemina,  the  white 
tibres  of  the  posterior  commissure  pass  across  between  the 
two  optic  thalami.  If  the  anterior  pillars  of  the  fornix  be 
separated  from  each  other,  the  white  fibres  of  the  anterior 
coinviissure  may  be  seen  entering  the  two  corpora  striata. 

The  2^iJieal  body  is  a  reddish  cone-shaped  body,  enveloped 
by  the  velum  iuterpositum,  and  situated  upon  the  more 
anterior  pair  of  the  corpora  quadrigemina.  From  its  broad 
anterior  end  two  w^hite  bands,  the  j^^duncles  of  the  pineal 
bodt/y  pass  forwards,  one  on  the  inner  side  of  each  optic 
thalamus.  Each  peduncle  joins,  along  wath  the  taenia 
semicircularis,  the  anterior  pillar  of  the  fornix  of  its  own 
side.  In  its  structure  this  body  consists  of  a  vascular  stroma 
of  connective  tissue,  in  the  meshes  of  which  lymphoid  cells 
are  contained.  Branched  corj)uscles  which  are  regarded 
as  ner\'e  ceUs  are  also  found.  Amylaceous  and  gritty 
calcareous  particles,  constituting  the  brain  sand,  are  also 
found  in  it.  Usually  it  is  hollowed  out  into  two  or  more 
small  cavities.     The  function  of  the  pineal  body  is  not 
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nndentood,  but  both  it  and  the  pituitary  body,  which 
pOBseBS  a  certain  strnctaral  correspondence,  are  usoally 
referred  to  the  type  of  the  ductless  glands. 

The  corpora  'quadrigemina  or  optic  lobes  are  situated 
behind  and  between  the  two  optic  thalami,  and  rest  upon 
the  posterior  surface  of  the  crura  cerebri.  The  division 
into  two  lateral  halves  is  marked  by  a  shallow  longitu- 
dinal fissure,  and  the  subdivision  of  each  half  into  an  an- 
terior and  a  posterior  eminence,  by  a  shallow  transverse 
fissure.  The  anterior  pair  of  eminences  are  called  nates; 
the  posterior,  testes.  From  each  testis  a  strong  white 
band,  the  superior  peduncle  of  the  cerebellum^  passes  back- 
wards to  the  cerebellum,  and  stretching  between  the  pair 
of  peduncles  is  the  valve  of  Vieussens  or  anterior  medullary 
vdum^  The  corpora  quadrigemina  are  tunnelled  in  the 
antero-posterior  direction  by  the  aqueduct  of  Sylvius,  which 
opens  anteriorly  into  the  third  ventricle  immediately  below 
the  posterior  commissure,  and  posteriorly  into  the  fourth 
ventricle  under  cover  of  the  valve  of  Vieussens;  it  is  lined 
by  a  cylindrical  ciliated  epithelium. 

Internal  Structure  of  the  Cebebruic 

The  cerebrum  is  composed  both  of  grey  and  white 
matter ;  the  general  relations  of  these  two  forms  of  nerve 
matter  to  each  other  may  be  seen  by  making  sections 
through  the  cerebrum.  The  determination,  however,  of 
their  minute  structure,  and  of  the  relations  and  connections 
of  the  nerve  fibres  to  the  nerve  cells  is,  owing  to  the  deli- 
cacy of  the  organ,  one  of  the  most  difficult  departments  of 
aoatonucal  study.    Several  anatomists  have  endeavoured 
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to  *r,i«-."  oMt  Mio  r..iH*>»-  t.'f  the  nerve  fiorcs  in  the  ornan.  and 
t'lnH.^h  oiir  knowlfdiTi-'  is  l)}-  no  mean.s  complete,  yet  many 
1  .u-or*aiit  fa<  ".s  h.ive  unilouhtrdlv  been  a^scertaineiL  These 
f.ii^ts  h:\\r.  Ix-i-n  siiinmari.-eil,  and  nuineruns  additions  made 
to  tf^'in  !»}  M'-yiiert  in  a  recent  elartorate  memoir  pub- 
li>!h'd  in  .>trirker^  II'tmlL'^rk  'l^r  (J^-frfhflrhrf'. 

Ti\r  (ri'^ii  Mitttv  of  the  ccrcl-nun  i.s  disposed  in  three 
^rc:U  irroup^  :  <t.  The  -iw-s  matter  of  the  CL'rtex  of  the  hemi- 
splirn-^  ;  />,  the  utjv  matter  of  the  uTeat  iraniciia  of  the  base 
of  tiie  (■erfltniiii  ;  '',  tht;  central  ltcv  matter  which  forms 
the  wall  of  tht*  ctTrbral  end  of  the  cerebro-spinal  tube. 

</,  T]i''  'ji'']!  mnftt'i'  or  th'-  r'fi'^'-j'  '»/  fji>  /ir}/iK^p/ft'rf  forms 
the  .Niiprrtici.d  part  of  the  convolutions,  and  is  known  a.-^ 
the  7/'"//  h'  iiii.<i>fif  I'ir'tf  >j't}t'jl<'n},  but  in  some  h>calities,  a^? 
;it  tlie  fori  i,>'rf-n''0't  (ti>firi  and  the  .■i'-pt >i m  luciJum^  it  has 
r»'(rivfd  distinctive  names.  When  a  convulution  is  divided 
vertirallv  the  i^rev  matter  is  >een  to  be  conhned  to  the 
surface  nnil  to  enclose  a  ^\hite  core.  The  grey  matter 
presents  a  laminated  ap]>earance,  and  as  a  rule  consists  of 
five  or  >ix  layers,  which  are  cianposed  of  the  characteristic 
j)yramidal  nerve  cells  of  the  cortex  of  the  cerebnmi,  of  nerve 
fibres,  of  matrix  or  neuroglia,  and  of  blood-vessels.  The 
mn>t  superfuial  layer  con>i.sts  of  neuroijlia,  in  which  nerve 
fibres  extend  jjaniHel  to  the  surface  of  the  convohitions. 
In  the  (h.ejter  layers  are  found  the  }>yramidal  nerve  celL<, 
which  lie  with  their  long  axes  vertical  to  the  surface  of  the 
convolutions,  and  which  contain  well-marked  nuclei.  From 
the  ob>ervations  of  Lockhart  Clarke,  Arudt,  Cleland,  and 
Meynert,  there  can  be  no  doubt  that  the  pyramidal  ner%-e 
cells  var}^  in  relative  size  and  in  numbers  in  the  different 
layers  of  the  grey  cortex,  and  that  the  largest  sized  pyra- 


IHTEENAL  8TRUCTUBE  0?  THE  CEREBBUU.       283 

niii<*l  cella  lie  in  the  tliird  and  fonrth  layers.  L.  Clarke 
stated  that  the.  oella  of  all  the  layers  of  the  poaterior  or 
occipital  lobe  were  small 
aod  of  nearly  iiiuf(»m  aixe, 
whilst  in  the  oonTolntions 
anterior  to  it  nnmerons 
cells  of  a  much  larger  kind 
were  found;  bnt  though 
it  is  nndonbtedl;  tme  that 
large  pyramidal  celb  are 
f  onnd  in  the  frontal  lobe  in  _ 
considerable  nomben,  and 
that  the  greater  number  of 
the  oella  of  the  occipital 
lobe  are  small  and  nearly 
uniform  in  size,  there  is  no 
difScultf  in  recognising  in 
the  occ^tsl  lobe  a  small 
pnqrartioD  of  cells,  qnite 
equal  in  magnitude  to  tlie 
largest  cells  of  the  frontal 
lobe,  interspersed  amongst  ud  naii^nKd  ,.._ 
the  smaller  pjrranudal  celu.  •"»•  t»j^itij  bio«i-™»»s  •«  rep"- 
The  nerve  fibres  which  as- 
cend into  the  grey  matter  from  the  white  core  of  the  con- 
volution radiate  into  its  several  layers,  and  aie  apparently 
eontionous  with  the  basal  axial  cylinder  processes  of  the 
nerve  cells.  According  to  Clelaud,  the  elongated  apices  of 
the  cells,  which  are  directed  to  the  emrfsce  of  the  convolu- 
tion, ai«  continuous  with  the  nerve  fibres  situated  in  the 
superficial  layer  of  horizontal  fibres.  Immediately  subjacent 
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to  t::o  Lir  je  pvrain:  i  J  cells  numerous  small,  irregularly 
?l:.iTV\i  r.ervo  C':rpii>cles,  like  those  of  the  internal  granule 
Liyor  of  the  retiiia.  form  the  SiVcaUed^ra/j  ule  layer oi  the  grey 
ir.attor.  Fii^ifonu  cells,  which  give  off  lateral  processes,  are 
found  in  the  dceivst  Liver  of  the  Ejrev  matter,  and  form 
the  /.' : ;  .<:  •!*.''•.-"  <>{  Mc  viiert.  Gedach  has  described  here, 
;is  in  tlie  spiiiAl  corxi.  a  network  of  extremely  minute  nerve 
tibre.<.  with  wliich  the  branched  lateral  processes  of  the 
nerve  cv  lis  are  apparently  continuous.  The  neuroglia  con- 
tains nuihitudes  of  small  rounded  coqniscles.  In  it  also 
are  found  small  stellate  cells,  provided  with  minute  branched 
processes,  which  cells,  as  Me^mert  states,  are  so  pellucid, 
that  in  the  healthy  brain  they  seem  to  be  only  free  nuclei; 
it  is  ilitlicult  to  say  whether  these  cells  belong  to  the 
neuroL:lia,  or  are  nerve  cell  elements.  The  grey  cortex  of 
the  cerebrum  is  about  live  times  as  vascular  as  the  white 
matter.  The  arteries  derived  from  the  pia  mater  pass  ver- 
ticallv  into  the  irrev  matter.  Some  terminate  in  a  rich 
capillary  j>lexus  within  the  grey  matter.  Other  vessels  of 
larger  size,  after  giving  off  small  branches,  which  join  the 
capillary  plexus  of  the  grey  matter,  pass  into  the  white 
matter,  where  thev  are  continuous  with  a  much  more 
scanty  capillary  plexus  than  is  found  in  the  grey  matter. 

In  the  grey  matter  of  the  cortex  of  the  occipital  lobe 
eight  layers  have  been  described  by  Clarke  and  Meynert. 
The  increase  in  number  is  due  to  the  intercalation  of  two 
additional  granule  layers,  which  coalesce  and  form  a  dis- 
tinct white  band  in  the  grey  matter,  owing,  as  Meynert 
states,  to  the  absence  of  pigment  in  the  cells  of  the  granule 
layers. 

The  grey  matter  of  the  cortex  of  the  island  of  Eeil  and 
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of  the  oonTolutions  bounding  the  Sylvian  fiB8ure  contains  a 
Teiy  large  proportion  of  fnsif orm  cells.  They  form  the  chief 
oonstitnent  of  the  grey  dauHrumf  situated  deeper  than  the 
pey  matter  of  the  island,  and  separated  from  the  outer  part 
of  the  corpus  striatum  by  a  thin  layer  of  white  matter. 
Fusiform  cells  also  occur  abundantly  in  the  nucleus  amyg- 
dalcBy  a  grey  mass  situated  below  the  corpus  striatum, 
which  in  some  sections  seems  as  if  isolated,  but  in  reality 
is  continuous  with  the  grey  matter  of  the  inferior  temporo- 
■phenoidal  convolution. 

The  grey  matter  of  the  cortex  of  the  gyrus  hippocampi  has 
its  superficial  layer  formed  of  nerve  fibres,  with  small  and 
•cattered  corpuscles,  and  has  been  named  the  nuclear  lamina. 
Next  this  lamina  lies  the  dratum  reticularey  in  which  the 
apices  of  the  numerous  pyramidal  cells,  which  form  the 
third  layer,  branch  and  again  unite  to  form  a  delicate  net> 
work.  This  layer  of  nerve  celU  is  prolonged  into  the 
hippocampus  nugor,  in  which  it  is  rolled  on  itself  in  a  con- 
voluted manner.  The  free  surface  of  the  hippocampus, 
seen  in  the  descending  horn  of  the  ventricle,  is  formed  of 
nerve  fibres  continuous  with  the  fibres  of  the  tenia  hippo- 
campi Deeper  than  the  pyramidal  nerve  oeUs  of  the 
hii^pocampus  is  a  well-marked  layer,  prolonged  also  into 
the  fascia  dentata,  which  Meynert  has  termed  the  stratum 
of  compressed  nerve  corpuscles.  This  layer,  however,  as 
was  recognised  by  A.  K  Stirling  some  years  ago,  resembles 
the  '^  granules"  of  the  rust  coloured  layer  of  the  cerebel- 
lum, and  may  more  appropriately  be  called  the  mtt-eoloured 
layer  of  the  hippocampus ;  each  granule  consiBts  of  a  well- 
defined  nucleus  invested  by  delicate  branched  protoplasm. 

The  grey  matter  of  the  two  layers  of  the  septum  lud- 
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dum,  though  included  between  the  corpus  callosum  and 
fornix,  is  yet  in  the  same  plane  as  the  grey  matter  of  the 
cortex  of  the  inner  surface  of  the  hemispheres,  but  is  cut 
off  from  it  by  the  develoimient  of  the  transverse  fibres  of 
the  corpus  callosum.  The  grey  matter  of  the  locus  per- 
foratus  anticus  contains  clusters  of  minute  granules  and  a 
compact  arrangement  of  small  nerve  cells. 

h.  Tht"  qrtdt  qnniilla  of  the  hase  of  the  cerehnnn  are  the 
corpora  striata,  the  optic  thalami,  the  corpora  geniculata, 
the  corpora  quadrigemina,  and  the  locus  niger  in  e^ch  cms 
cerebri. 

The  corpus  striatum  cerebri  consists  of  two  masses  of 
grey  matter  se})arated  from  each  other  by  numerous  striae 
of  white  fiV)res,  which  ascend  from  below  upwards  through 
its  substance.  The  upper  mass  of  grey  matter  projects 
into  the  lateral  ventricle,  and  is  called  the  intra-ventricular 
|)Oii:ion  or  nficlen.s  cawhitns.  The  lower  extra-ventricular 
j)ortion  or  luidens  Itntkularts  forms  the  outer  and. lower 
pail  of  the  corpus  striatum,  and  is  separated  by  the 
claustrum  from  the  island  of  Reil.  Multipolar  nerve  cells 
are  found  in  both  the  caudate  and  lenticular  masses,  and  in 
the  latter  cells  of  lari^c  size  have  been  seen. 

The  optic  thalamus  forms  an  almost  continuous  mass  of 
grey  matter  traversed  by  nerve  fibres,  which  are  not,  how- 
ever, collected  into  definite  striai.  The  nerve  cells  in  the 
grey  matter  are  both  multipolar  and  fusiform.  The  exter- 
nal corpus  geniculatum  consists  of  alternate  layers  of  grey 
and  white  matter,  due  to  the  zig-zag  folding  of  the  grey 
matter ;  the  nerve  cells  arc  multipolar,  and  contain  pig- 
ment. Tn  the  internal  corpus  geniculatum  the  cells  are 
smaller  in  size  and  fusiform. 
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The  grey  matter  of  the  corpora  quadrigemina  consists  of 
two  distmct  masses.  One,  the  peripheral  layer,  lies  near 
the  surface,  and  contains  numerous  smaD  multipolar  nerve 
cells;  the  other,  the  Sylvian  or  ceiUral  layer,  surrounds  the 
Sylvian  fissure  and  belongs  to  the  grey  matter  of  the  wall 
of  the  cerebro-epinal  tube,  and  serves  as  a  centre  of  origin 
for  the  roots  of  both  the  3d  and  4th  cranial  nerves. 

The  grey  matter  of  the  cms  cerebri  occupies  the  centre 
of  the  cerebral  peduncle.  Its  cells  are  multipolar,  and  con- 
tain dark  brown  or  black  pigment,  so  that  the  name  lo<m8 
niger  is  applied  to  this  collection  of  nerve  cells. 

r.  The  ceiUral  grey  matter  of  the  cerdnrum  is  in  series 
with  the  grey  matter  of  the  floor  of  the  4th  ventricle  and 
the  grey  matter  of  the  spinal  cord.  It  is  situated  around 
the  Sylvian  aqueduct,  and  at  the  sides  and  floor  of  the  third 
ventricle,  which  form  the  cerebral  portion  of  the  cerebro- 
spinal tube.  That  which  surrounds  the  aqueduct  of  Sylvius 
forms  the  Sylvian  or  central  layer  in  the  corpora  quad- 
rigemina, above  referred  to.  It  contains  numerous  well- 
marked  multipolar  nerve  cells,  which  are  largest  and  most 
distinct  below  the  aqueduct,  where  they  form  well-defined 
groups.  But  further,  a  remarkable  zone-like  arrangement  of 
nerve  cells  lies  at  the  circumference  of  the  sides  and  upper 
part  of  the  central  mass  of  grey  matter  (Fig.  93).  In  vertical 
transverse  sections  these  cells  may  be  seen  to  lie  some- 
times singly,  but  more  usually  in  groups  of  two  or  three, 
or  up  to  six  cells.  The  cells  are  twice,  or  even  three  times 
as  large  as  the  multipolar  nerve  cells  of  the  central  mass. 
The  body  of  the  cell  is  often  globular  in  form,  and  from  it 
one  or  two  processes  arise.  The  cells  lie  in  a  tract  of  well- 
defined  nerve  fibres,  to  which  they  have  apparently  the  same 
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rebt  on  t!iat  the  cells  in  the  f,angHon  on  the  postericr 
ro  t  of  a  iiiial  ntnc  Ime  to  the  nerve  fibres.  The 
teiitt  il  yej  mittcr  nhicli  hes  in  relatioD  to  the  third  ven- 
tricle forms  the  niiddli,  or  suit  commissure,  and  the  well- 
difiui-d  ^rej  lajtrwhi  h  covers  tin.  inner  wall  of  each  optic 
th  damn  TI  i  {,rtj  n  i  se  aituited  at  the  base  of  the  brain 
between  iiid  in  front  of  the  crura  cerebri,  viz.,  the  pons 


Tanni  tubtr  cinercuni  loninia  ciiierca,  infuudibulum,  and 
the  grej  nutter  of  thejituitary  body,  belong  to  the  central 
grey  matter  By  some  anatoinLsta  the  grey  matter  of  the 
pineal  bo  Ij  is  referred  to  the  ■same  category,  but  Arnold  has 
pointed  out  that  it  la  sejjaratcd  by  its  peduncle  from  the 
loft  commissure  an  !  Mlj  iii,rt  is  disposed  to  regard  it  as  a 
ginglion  of  *ngiu  of  thi.  tegmentum.  Both  the  pituitary 
and  pineal  b  1 1.?  contain  beai  les  the  nervous  matter, 
structuns  <  f  thk,  tj  jw  of  the  t,laiida  without  ducts. 
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The  WkUe  Matter  of  the  cerobmm  consists  of  tracts  or 
fasdcnli  of  nerve  fibres,  of  which — a,  some  connect  the  cere- 
bnun  with  the  lower  divisions  of  the  encephalon;  6,  others 
connect  the  two  hemispheres  together;  «, others  connect 
different  structores  in  the  same  hemisphere;  dj  others  serve 
as  roots  of  origin  for  the  more  anterior  encephalic  nerves. 

a.  The  tracts  of  fibres  which  connect  the  cerebrom  with 
the  lower  divisions  of  the  encephalon  are  cBS\&di  peduncular 
fibres.  The  largest  of  these  pedoncles  are  the  two  crura 
eerdnri  or  cerebral  pedunelei,  Continnons  below  with  the 
longitadinal  fibres  of  the  pons  they  ascend  into  the  optic 
thalami  and  corpora  striata,  and  their  fibres  are  named  the 
pedunaUar  fibres.  From  the  corpora  striata  and  optic 
thalami  fibres  radiate  into  the  convolutions  of  the  lobes  of 
the  hemisphere  and  form  the  corona  radiata.  To  soma 
extent  the  fibres  of  the  corona  are  directly  continuous  with 
those  of  the  cerebral  peduncles,  but  there  can  be  no  doubt 
that  a  large  portion  of  the  peduncular  fibres  terminate  in 
the  grey  matter  of  the  ganglia  of  the  base  of  the  cerebrum, 
and  that  a  still  larger  number  arise  from  their  nerve  cells 
to  aid  in  the  formation  of  the  corona  radiata.  The  direct 
continuity,  therefore,  of  many  of  the  peduncular  fibres  with 
those  of  the  corona  is  broken  or  interrupted  by  the  inter- 
position of  the  ganglia  of  the  base  of  the  cerebrum,  which 
Mejmert  has  named  ganglia  of  interruption.  The  pedun- 
cular fibres  and  those  of  the  corona  constitute  the  cerebral 
portion  cC  iheprt^ectianti^Mtan  of  fibres  of  Mejmert,  a  term 
devised  to  express  that  they  conduct  upwards  to  the  grey 
cortex  of  the  hemispheres  sensory  impulses  derived  from 
the  external  world,  the  image  of  which  is  projected  upon  the 
cortex.     But  it  should  also  not  be  forgotten  that  many  of  the 
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iibres  of  this  system  conduct  motor  impulses  downwards  to 
1  >e  propagated  along  tlie  motor  cranial  and  spinal  nerres. 
The  peduncular  fibres  of  the  crura  cerebri  are  arranged  in 
two  groups,  named  respectively  cruMa  and  tegmniium, 
which  are  sei»arated  from  each  other  by  the  nerve  cells  of 
tlie  locus  nii^er. 

The  cnista  forms  the  superficial  or  anterior  part  of  the 
crus.  Its  fibres  are  in  greater  part  continuous  with  the 
longitudinal  fibres  of  the  pons  derived  from  the  anterior 
pyramids  of  tlie  medulla;  but  it  receives  additional  fibres 
from  the  grey  matter  of  the  locus  niger,  and  from  the  cells 
of  the  Sylvian  layer  in  the  corix)ra  quadrigemina.  Some 
of  tlic  iibres  of  the  cnista  pass  directly  upwards  as  radiating 
tibrts  to  the  grey  cortex  of  the  occipital  and  temporal  lobes, 
but  the  lari:er  nuinl)er  teiminate  in  the  nucleus  caudatus 
and  nucleus  lenticularis  of  the  corpus  striatum.  From 
these  nuclei  a  I'reat  mass  of  fibres  radiat<is  into  the  cortex 
of  the  fronto-i)ariLtal  lobes,  more  especially  the  frontal,  but 
a  few  also,  ])cariiig  the  si)ecial  name  of  stria  cornea,  pass  to 
the  grey  matter  of  the  apex  of  the  temporal  lobe  ;  fibres 
also  enter  the  convolutions  of  the  insula.  In  addition  to 
the  radiating  fi])i'es,  the  grey  matter  of  the  coqms  striatum 
gives  origin  to  fibres  of  the  middle  root  of  the  olfactoiy 
pedniK'le,  and  to  connecting  fi])res  with  the  grey  matter  of 
the  sei»tuni  hiciduin. 

The  tnniHiduM  forms  the  posterior  or  deeper  part  of 
the  cms  cerebri.  Its  fibres  arc  continuous  with  the  longi- 
tudinal fibres  of  the  pons  derived  from  the  olivary  fa^sciculi, 
fasciculi  terctes,  and  posterior  pyramids  of  the  medulla. 
A.  few  of  the  fibres  of  the  tegmentum  enter  the  corpora 
quadrigemina  and  corpora  geniculata,  but  the  great  ma- 
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jority  enter  the  optio  thalami,  in  tlie  grey  matter  of  which 
many  evidently  terminate,  thongh  some  may  pass  through 
into  the  cortex  of  the  hemispheres  as  fibres  of  the  corona 
ladiata.  But  the  grey  matter  of  the  thalamus  gives  origin 
to  numerous  radiating  fibres :  those  which  arise  in  its 
posterior  part  radiate  into  the  occipital  and  temporal  lobes, 
whilst  those  proceeding  out  of  its  anterior  part  radiate  into 
the  frontal,  parietal,  and  temporal  lobes,  and  the  insula. 

In  the  optic  thalamus  the  fornix  arises.  Its  fibres 
emerge  from  the  under  surface  of  each  thalamus,  form  the 
corpus  albicans,  and  then  pass  backwards  forming  the  upper 
boundary  of  the  great  transverse  fissure  to  end  as  the  teenia 
hippocampi  in  the  gyrus  hippocampi ;  hence  this  convolu- 
tion has  a  special  connection  with  the  optic  thalamus 
through  the  fornix.  In  the  corpus  albicans  the  fibres  of 
the  fornix  are  arranged  in  loops,  in  the  concavities  of 
which  nerve  cells  are  situated  The  optic  thalamus  also 
gives  origin  to  the  middle  root  of  the  optic  tract 

Owing  to  the  connections  of  the  locus  niger,  nucleus 
caudatus,  and  nucleus  lenticularis  with  the  crusta,  Meynert 
has  named  them  the  ganglia  of  the  cnuta  ;  whilst  the  optic 
thalami,  corpora  quadrigemina,  and  geniculata  are  the  gan- 
glia of  the  tegmenhML  The  comparison  of  the  human  brain 
with  those  of  different  mammals  has  shown  that  the 
development  of  the  hemispheres  bears  a  direct  relation  to 
the  size  of  the  crusta  and  its  ganglia,  whilst  the  develop- 
ment of  the  hemispheres  is  in  inverse  relation  to  the  size 
of  the  tegmentum  and  its  ganglia. 

The  ntperior  pedunde^  of  the  cerebellum  connect  that 
organ  with  the  cerebrum.  They  arise  in  the  grey  matter 
of  the  vermiform  process,  ascend  to  the  ^corpora  quadri* 


2?2  A5Ar?irT. 

g-.-rrii.vi,    ar.'l  are   (jT  th-^  rr>-=t  r'irt  pr:.rrr?-i  cr^irir 
V,Io-^'  it  irito  the  t'^rrr^enfjin,  at-i  iir.othe  I'^tic  ::.-*«••■' .:i^. 

b,  T'A^i  fi-rre^  which  conn-ict  t»-'gctber  the  rw:.  bemi^t: b«er>r< 
are  f:^i,\\iA  r//(f,m',^_-_'irn.l  filTrea  Tbe  larprft  of  l:>?se  txzi- 
rrii.^-urcM  is  the  cfjrj/>i^  rdJ-mimy  which,  as  ha?  already  \^n 
(]^:-f:n:/Aj  ojninscth  ofjUi^if^m^inz  ct^nTCiDtioo*  in  tbe 
(rq/Ar/:  herni.-irlieres.  Aj»  iu  fibr^  lie  on  a  plane  ^nperl-r 
Vj  iho-^i  of  the  coroiia  radiata,  the  two  5}-etenid  oi  fibres 
inU;r-.fj/l  with  each  other  on  their  war  to  the  conTolutions. 
Thi  nfif*nr/r  c^/rnmiM'/re,  thongh  often  described  a«  ci^n- 
ji^'cihiiL  the  two  coqx>ra  striata,  yet,  a»  Si>tirzheim  pointeii 
o>it  half  a  rxTitury  ago,  passes  through  these  bodies  to  the 
c/jiiVolntioriH  around  the  Sylvian  fissure,  and  gives  a  nx»t 
of  origin  to  the  olfactory  ner\'a  The  p^>stmor  oymmisFtire 
jKi.s.s<,->4  into  the  optic  thalanii.  The  course  of  its  fibres 
li;iH  recently  >x;en  studied  by  Pawlowsky,  who  states 
that  tliey  procewl  from  the  pineal  body,  the  frontal  and 
t(;in])or;d  loVxiS,  and  probably  also  from  the  thalamus,  and 
tln;n  crosB  over  to  the  tegmentum  of  the  opposite  cms 
ccnibri. 

r',  The  tracts  which  connect  difierent  convolutions  in  the 
Hiiinc  li(?niLsphere  are  named  a7'cuate  JibreSf  or  Jibiw  propria. 
Th(i  arcuate  fibres  are  situated  immediately  beneath  the 
inner  surf.vce  of  the  cortex  of  the  hemispheres,  and  connect 
together  tlie  grey  matter  of  adjacent  convolutions.  In 
some  localitios^they  are  strongly  marked,  and  ^ave  received 
sjH^ciid  names. 

The  /((sclcfdus  7mdnattc8j)&sses  across  the  Sylvian  fissure, 
traverses  the  claustrum  and  amygdala,  and  connects  the 
convolutions  of  the  frontal  with  those  of  the  temporo- 
sphenuidal  lobe.     The  Jillet  of  the  gyrus  fornicaius  extends 
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longitudinally  in  that  eonvohition,  immediately  above  the 
corpus  callomm,  from  its  anterior  to  its  posterior  ends, 
and  connects  different  parts  <^  its  grey  matter  together. 
The  longituduud  fibru  of  the  eorpui  ecUloaum^  or  nervet 
o/Lanem^  also  connect  the  anterior  and  posterior  ends  of 
the  callosal  convolution.  The  Umgihidmal  inf trior  fcuci- 
culu$  connects  the  convolations  of  the  occipital  with  those 
of  the  temporal  lobe.  Longitudinal  septal  fibres  lie  on  the 
inner  surface  of  the  septum  lucidum,  and  extend  into  the 
gyrus  fomicatus. 

The  corpora  quadrigemina  are  connected  with  the  optic 
thalami  by  nervous  tracts  called  braehiay  and  smaller  tracts 
also  connect  the  thalami  with  thecorpora  geniculata.  The 
pedumeUi  of  the  pineal  gland  connect  that  body  with  the 
fornix,  and  are  probably  continued  into  the  optic  thalamus. 
The  tcmia  semicirenlaim  is  also  at  one  end  apparently  con- 
nected with  the  optic  thalamus,  but  its  posterior  termination 
is  not  well  ascertained. 

The  great  cerebral  ganglia  and  the  central  masses  of  grey 
matter  are  centres  of  origin  for  sensori-motor  nerves.  The 
convolutions  or  hemispherical  ganglia,  again,  are  the  parts 
of  the  brain  associated  with  the  intellectual  processes.  The 
question  has  often  been  put.  Are  not  the  individual  con- 
volutions distinct  organs,  each  endowed  with  special  pro- 
pertiesl  and  various  arguments  based  on  physiological, 
pathological,  and  anatomical  grounds  have  been  advanced 
in  support  of  this  propontion.  In  connection  with  the 
anatomical  branch  of  the  argument  it  may  be  stated  that  the 
coQvohitions,  not  only  in  man,  but  in  all  animals  with 
convoluted  braina,  have  a  foim,  relative  position,  and 
arxaagement  which  are  dianicteristie  of  the  species ;  but 
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-;*^:iiL-/ir-,r.  ::  :  n„  y^.v.  z^  3^1  irrtm^rnier^t  are  not 
.:.  th-rr-^ril-i^^  i  ^^.Itl:  tc^^*  •::  sTrviilisdr;- l  vf  ninction. 
k,y.:..  tL::ijh  lie  i^tIi-:::::^  LiTc  dr£r.i:e  fvicms  tht-y 
fi.-e  L:t  dLv.-::i::-r:>ri  friz*  e^:L  c-:lrr.  :\r  the  irr^v  matter 
i'^Tz:.:-.  a  cLr.rlr-'-;- ui  Liver  ever  tie  whcle  surface  of  the 
h^rr:.:.-:  here.  }ier.>:  a  jr:^t-  c:  cerebral  c^.n volutions  differs 
fr'^rii  a  ^Toup  o!  L:.i^^r-?,  t-och  Eiemctrr  of  which  is  un- 
d  y.ibt'^ral*.  a  diitinc:  or  .-an,  for  each  miLscle  is  isc»lated  from 
tho.se  arom.'i  it  by  a  «i-£r.ite  ir.vciitiiu  sheath.  As  reiraixls 
i'-iteriial  strjct'ire.  e\-i«lence  ha^  aireadv  been  riven  that 
^U  the  convolutioLs  are  nut  ct^nstracted  on  precisely  the 
ivirne  plan,  and  it  has  al^o  been  pointed  out  that  the  con- 
vohi^iori.s  are  not  all  c<jnnected  in  the  same  way  with  the 
j^reat  cerebral  ganglia.  The.se  structural  modifications  un- 
rjuestionaVjly  jxjint  to  functional  differences  in  the  several 
l^artH  in  which  they  are  found.  But  further,  special 
connections  through  the  arcuate  fibres  are  established 
b(;twccn  certain  convolutions  and  not  between  others,  and 
it  is  j)<js.sil)lo  not  only  that  particular  combinations  of 
convolutions  through  an  interdiange  of  interauncial  fibres 
may  condition  a  j>articular  state  of  intellectual  activity, 
but  that  those  ajmlunations  associate  various  convolutions 
togctlicr  in  the  performance  of  a  given  intellectual  act,  just 
as  in  tlio  muscular  system  several  muscles  are  as  a  rule 
associated  together  for  tlio  jxirfonnance  of  a  given  move- 
nujnt.  A  due  to  the  special  functions  of  the  convolutions 
will  (l(>ul)tloMs  be  obtained  by  studying  their  connections 
with  each  otlier  and  with  other  parts  of  the  encephalon, 
just  a.H  the  action  of  the  mend^ers  of  a  group  of  muscles 
is  luscortained  by  examining  the  direction  of  their  fibres 
and  the  atUicluuout  of  their  terminal  tendons. 
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Yariationa  within  certain  limits  in  the  degree  of  corn- 
ed anangement  of  the  conTolntions  are  found  in 
the  human  brain.  The  obeervationa  of  Oratiolet  and 
Mawhall  on  the  brains  of  women  of  the  Bush  race  have 
shown  that  in  them  a  greater  simplicity  of  arrangement, 
due  to  the  foldings  of  the  surface  being  less  numerousi 
pievaik  than  in  the  average  European  brain.  Again,  the 
observations  <^  Rudolph  and  Hermann  Wagner  on  the 
brains  of  Gauss  and  Dirichlet,  the  eminent  mathematicians, 
show  that  the  convoluted  surface  was  much  moie  tortuous, 
and  the  superficial  area  of  the  convolutions  was  consider- 
ably greater  than  in  the  average  European  brain.  From 
these  and  other  data,  it  is  evident  that  a  complex  arrange- 
ment of  the  convolutions  may  co-czist  with  hi^  intellectual 
powersw  But  it  must  also  be  admitted  that  men  of  un- 
doubted intellectual  ability  have  been  found  to  possess 
brains  in  which  the  convolutions  had  no  unusually  com- 
plex arrangement.  In  endeavouring  to  form  an  estimate 
of  the  comparative  value  of  the  convolutions  in  different 
individuals,  not  only  should  the  degree  of  tortuosity  of  the 
aurface  be  inquired  into,  but  the  depth  of  the  sulci,  the 
thickness  of  the  grey  matter,  and  the  quality  of  the  tissue 
of  which  the  oonvolations  are  composed.  A  brain  with 
deep  sulci,  conjoined  with  a  thick  layer  of  grey  matter, 
but  with  comparatively  simple  gyri,  might  present  as 
laige  a  hemispherieal  ganglion  as  one  the  convolutions  of 
which  were  more  tortuous  but  less  deep.  Presumably  that 
grey  matter  is  the  most  active  which  contains  the  greatest 
proportion  of  nerve  cells  in  a  given  area.  From  the 
structural  point  of  view,  one  may  say  that  those  convolu- 
tJouB  present  the  most  complex  oiganisation  in  which, 
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with  a  large  proportion  of  nerre  cellsy  the  foldings  of  the 
surface  are  tortaooB,  the  said  are  numerous  and  deep,  and 
the  grey  matter  possesses  relatively  considerable  thicAmwwL. 

As  regards  the  convolutions  in  opposite  hemisphoes  of 
the  same  brain,  it  should  be  stated  tiiat  a  want  of  sym- 
metry IB  by  no  means  uncommon. 

Mass  and  Weioht  of  the  Brain. — ^The  human  brain 
is  absolutely  bigger  and  heavier  than  the  brain  of  any 
animal,  except  the  elephant  and  the  larger  whales.     The 
biain  of  the  elephant  is  said  to  weigh  from  8  to  10  lbs., 
and  that  of  a  large  finner  whale  between  5  and  6  Dm* 
The  human  brain  is  also  heavier  relatively  to  the  balk  and 
weight  of  the  body  than  are  the  brains  of  the  lower  animals, 
except  in  some  small  birds  and  mammals.     Considerable 
variations,  however,  exist  in  the  size  and  weight  of  the 
human  brain,  not  only  in  the  different  races  of  mankiikd, 
but  in  individuals  of  the  same  race  and  in  the  two  sexes* 
The  heaviest  brains  occur  in  the  white  races.     The  average 
weight  of  the  adult  European  male  brain  is  49  to  50  oi: 
(about  3  lbs.),  that  of  the  adult  female  44  to  45  ok.  ;  ao 
that  the  brain  of  a  man  is  on  the  average  fully  10  per  cent, 
heavier  than  that  of  a  woman.     The  greater  weight  of 
the  brain  in  man  as  compared  with  woman  is  not  in  relation 
merely  to  his  greater  bulk,  but  is  a  fundamental  aexnai 
distinction ;  for,  whilst  there  is  a  difference  of  10  per  oeDt. 
in  the  brain  weight,  the  average  stature  ci  women  ia^ 
according  to  Thumam's  calculations,  cnly  8  per  oeni.  fosa 
than  that  of  men.    Dr  Boyd  states  that  the  average  wei^t 
of  the  brain  in  the  newly  bom  male  infant  is  11*67  ox.;  in 
the  female  only  10  oz.    The  exact  age  at  which  the  bnin 
reaches  its  w^i^-rimnm  Bize  has  been  variously  placed  at  from 
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the  3d  to  the  8th  yean  by  different  authors;  bat  it  con- 
tinues to  increase  in  weight  to  25  or  30,  or  even  40.    After 

60  the  brain  begins  to  diminish  in  weight ;  in  aged  males 
the  aTerage  weight  is  about  45  oz.,  in  females  about  41  02. 

In  some  cases  the  adult  brain  considerably  exceeds  the 
aTerage  weight  The  brains  of  several  men  distinguished 
for  their  intellectual  attainments  have  been  weighed :  the 
brain  of  Cuvier  weighed  64^  oz.;  of  Dr  Abercrombie,  63 
OK.;  of  Professor  Qooddry  57^  oz.;  of  Spurzheim,  55  oz. ; 
of  Sir  J.  T.  Simpson,  54  oz. ;  of  Agassiz,  53*4  oz. ;  and  of 
Dr  ChalmerSy  53  oz.  But  high  brain  weights  have  also  been 
found  where  there  was  no  evidence  of  great  intellectual 
capacity.  Peacock  weighed  four  male  brains  which  ranged 
from  62*75  to  61  oz.;  Boyd,  a  specimen  of  60*75  oz.;  and 
I  have  in  my  possession  one  of  a  boy  aged  fifteen  which 
weighed  60  oz.  In  the  brains  of  the  insane  high  brain 
weights  have  also  been  observed.  Bucknill  met  with  a 
brain  in  a  male  epileptic  which  weighed  64|^  oz. ;  Thumam, 
one  which  weighed  62  oz. ;  and  in  the  West  Riding  Asylum, 
out  of  375  males  examined,  the  weight  of  the  brain  in  30 
cases  was  55  oz.  or  upwards,  and  the  highest  weights  were 

61  oz.  in  a  case  of  senile  dementia,  60^  oz.  in  a  case  of 
dementia,  and  60  oz.  in  one  of  melancholia.  No  case  has 
as  yet  been  recorded  of  the  weightjof  the  brain  in  a  woman 
of  great  intellectual  attainments;  but  Boyd  met  with  a 
woman's  brain  as  high  as  55*25  oz.,  and  many  instances  of 
opwaids  of  50  oz.  in  women  where  there  was  no  evidence  of 
hi^  mental  endowment  Skae,  in  a  female  monomaniac, 
observed  a  brain  which  weighed  61^  oz.;  and  of  300 
females  examined  in  the  West  Riding  Asylum  the  weight 
of  the  brain  in  26  cases  was  50  oz.  or  upwards,  the  highest 
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weights  being  56  and  66  oz.  in  two  cases  of  mama.  The 
size  and  weight  of  the  brain  do  not  therefore,  per  je,  giTe 
an  exact  method  of  estimating  the  intellectnal  power  of  the 
individnal,  and  a  high  brain  weight  and  great  inteUectnal 
capacity  are  not  necessarily  correlated  with  each  other. 

It  seems  certain,  if  the  adnlt  human  brain,  even  amongst 
the  most  oncaltivated  peoples,  falls  below  30  oz.,  that  tMs 
low  weight  is  not  merely  incompatible  with  inteUectnsI 
power  and  activity,  but  is  invariably  associated  with  idiocy  or 
imbecility;  so  that  the  human  brain  has  a  minimum  weight 
below  which  intellectual  action  is  imposdbla     Amongst  the 
more  cultivated  races  the  minimum  weight-limit  of  inteOi- 
gence  is,  however,  in  all  probability  higher  than  30  oz.    It 
has  been  placed  by  Broca  at  32  oz.  for  the  female,  and  37  oz. 
for  the  male  brain ;  and  Thumam's  numbers  are  almost  the 
same.    To  how  low  a  weight  the  brain  in  the  miciooepha- 
lous  idiot  may  fall  is  well  shown  in  a  case  recorded  by  TheOe, 
where  it  weired  only  10*6  oz.,  in  Gore's  case  of  10  oz.  5 
grs.,  and  in  Marshall's  case,  8^  oz.    But  instanofti  are  not 
wanting  in  which  the  brains  of  idiots  have  exceeded  even 
50  oz.     Langdon  Down  observed  the  brain  of  a  mal^  idiot 
aged  22,  which  weighed  59}  oz.;  and  J.  K  Take  his 
recently  met  with  a  brain  of  60  oz.  in  a  male  idiot  aged  37, 
the  capacity  of  whose  cranium  was  110}  cubic  iuchea.     In 
the  West  Riding  Asylum  tables  the  brain  wei^ta  in  10 
idiots  were  not  less  than  34  oz.,  and  in  5  cases  exceeded  40  or 

As  yet  the  opportunities  of  weighing  the  brain  in  the 
coloured  races  of  men  have  been  but  scanty.  Bat  from  t 
very  extensive  series  of  observations  made  by  BamardDavia, 
not  on  the  brains  themselves,  but  on  the  cubie  capacities  of 
crania,  from  which  an  approximate  estimate  of  the  brain 
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weight  may  be  obtained  with  a  fair  measoie  of  accuracy, 
the  following  facts  are  derived : — ^The  average  weight  of 
the  male  brain  in  the  African  races  is  45*6  oz.;  of  the 
female  brain,  42*7  oz. :  the  average  weight  of  the  male 
brain  in  the  Anstnilian  races  is  42*8  oz. ;  of  the  female 
brain,  39*2  oz.:  the  average  weight  of  the  male  brain  in 
the  Oceanic  races,  46*5  oz. ;  of  the  female  brain,  43  oz. 
The  oondnsions  which  may  legitimately  be  drawn  from  an 
analyns  id  Barnard  Davis's  observations  are  as  follows : — 
let,  That  the  average  brain  weight  is  considerably  higher 
in  the  civilised  European  than  in  the  savage  races;  2d, 
That  the  range  of  variation  is  much  greater  in  the  former 
than  in  the  latter;  3d,  That  there  is  an  absence,  almost 
complete,  of  specimens  heavier  than  54  oz.  in  the  exotic 
noes,  so  that  the  higher  tenns  of  the  series  are  not  repre- 
sented ;  4th,  That  though  the  male  brains  are  heavier  than 
the  female,  there  is  not  the  same  amount  of  difference  in 
the  average  brain  weight  between  the  two  sexes  in  the 
uncoltivated  as  in  the  cultivated  peoples. 

No  reliable  determinationB  have  as  yet  been  made  of  the 
exact  proportion,  as  regards  balk  and  weight,  which  the 
convolutions  bear  to  the  corpora  striata,  optic  t'h<^1<^™^  and 
coipora  quadrigemin%  but  data  axe  obtainable  of  the  rela- 
tive weight  of  the  pons,  cerebellum,  and  medulla  to  the 
entire  enoephalon.  Between  the  ages  of  20  and  70  the 
ratio  of  weight  <d  the  pons,  cerebellum,'and  medulla,  to  the 
entire  brain,  is  as  1  to  7*9,  or  about  13  to  100,  and  this 
relative  weight  is  virtually  the  same  in  both  sexes.  From 
Peacock's  observations  the  ratio  of  weight  of  the  cerebel- 
lum alone  to  the  entire  encephalon  is  as  1  to  9,  or  about 
11  to  100. 
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Obioin,  Abranqbmbi^,  and  Distribution  op  the 

Encephalio  Nerves. 

Several  pairs  of  nerves,  called  Cranial  or  Encephalk; 
arise  from  the  under  surface  or  base  of  the  enoephalon 
and  pass  outwards  through  foramina  situated  in  the  floor 
of  the  cranial  cavity.     Continental  anatomists  usoallj 
enumerate  twelve  pairs  of  cranial  nerves ;  but  because  in 
one  locality  two  of  these  nerves  lie  together  and  pas 
through  the  same  foramen^  and  in  another  spot  three  oi 
these   nerves   emerge  together  from  the  skull,    British 
anatomists  have    restricted    the  number  to  nine  pain. 
These  nerves  are  numbered  from  before  backwarda,  in  the 
order  in  which  they  are  seen  at  the  base  of  the  bnin. 
The  names  applied  to  the  individual  nenres,  and  their 
numerical  designations,  according  to  both  the  Oontiiiental 
and  British  methods,  are  given  in  the  following  table : — 


ConttnentaL 

OlfiEustory  Kerves, Utpair  Itt 

Optic  Nerves,   2d    „  2d    », 

Oculo-motor  Nerves, 8rd  „  3rd  ,« 

Trochlear  Neires, 4th  „  4th 

Tri£Maiilor  Trigeminal  Nerves,...    6th  „  6th 

Abducent  Nerves, 6th  „  6th 

Facial  Nerves  (Portio  dma), 7th  „  )  »^ 

Auditory  Nerves  (Portio  mollis),     8th  „  ( 

Olosso-pharyngeal  Nerves, 9th  „^ 

Pnemnogastric  Nerves  (Vagus),     10th  „  >  8th    , 

Spinal  Aoceesory  Nerves,  11th  „  ) 

Hypoglossal  Nerves, 12th  „  9th    , 


•» 
*• 


These  nerves  may  be  arranged  in  three  groups  accofc 
ing  to  the  presence  or  absence  of  motor  and  8010147 
fibres. 

First  group. — Sentory  nerves,  or  nerves  of  special 
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o,  (^factory,  the  nerve  of  unell ;  b,  optic,  nerre  of  sight ; 
e,  Miditoiy,  oerve  of  hearing. 


iDfimdlblilPin ;  IC,  Ifl, 


Second  gnmp. — Motor  nerres  :  a,  ocolo-motor,  the  pria- 
dptl  nerve  of  anpply  for  the  mniclet  of  tha  eTeball;  b. 
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trochlear,  the  nerve  for  the  superior  oblique  muade ;  r, 
abducent,  the  nerve  for  the  external  rectus ;  d,  portio  dm», 
the  nerve  for  the  facial  muscles  of  expression ;  e^  spinal 
accessory,  the  nerve  which  gives  a  motor  root  to  the 
pneumogastric,  and  supplies  the  stemo-mastoid  and  tra- 
pezius muscles ;  /,  hypoglossal,  the  nerve  for  the  moadeB 
of  the  tongue. 

Third  group. — Mixed  nerves :  a,  trifacial^  distributed  to 
the  muscles  of  mastication,  the  skin  of  the  face,  vanooi 
mucous  membranes,  and  to  the  anterior  and  lateral  anif  aoes 
of  the  tongue,  where  it  may  play  the  part  of  a  nerve  of  the 
special  sense  of  taste ;  h,  glosso-phaiyngeal,  distributed  to 
the  mucous  membrane  of  the  pharynx,  to  certain  palato- 
pharyngeal muscles,  and  to  the  mucous  membrane  of  tlie 
back  of  the  tongue,  where  it  acts  as  a  nerve  of  the  special 
sense  of  taste ;  c,  the  pneumogastiic,  conjoined  with  the 
internal  division  of  the  spinal  accessory,  is  distributed 
to  several  muscles,  mucous  membranes,  and  internal  orgaoa. 

The  consideration  of  the  1st  group  of  cranial  nerves 
may  appropriately  be  deferred  until  the  organs  of 
in  which  they  terminate,  are  described. 

The  anatomy  of  the  Motor  Nerves  is  as  follows : — 

The  OcuLo-motor  or  third  nerve  springs  out  of  the 
surface  of  the  cms  cerebri.  When  its  fibres  are  traced  int«> 
the  crus,  some  are  seen  to  pass  to  the  nerve  cella  of  thr 
locus  niger,  whilst  others  sink  into  the  corpora  quadii- 
gemina,  and  extend  as  far  as  the  Sylvian  group  of  ner«^ 
cells.  The  nerve,  after  it  has  emerged  from  the  cms* 
runs  forwards  in  the  outer  wall  of  the  cavernous  sibii:! 
and  enters  the  orbit  through  the  sphenoidal  fissure.  It 
supplies  the  levator  palpebrse  superioris,  the  superior,  in- 
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ferior,  and  tnteniBl  recti  mtucleB,  and  the  inferior  oblique. 
It  contribntea  the  abort  or  motor  root  to  the  ciliaiy  ganglion, 
and  thnmgh  it  influeacee  the  iiia  and  cUiary  miudee  within 


Fn.  Ml— Floor  ot  Ike  caTtty  cttht  ikBSl  to  ihow  tfaa  pUcca  of  ult  Dt  tba  nems. 
1  la  ft  His  lo  itith  cruinl  DSrrei  1  T.  ponio  duni  8.  ponlo  mnllli;  »,  gliHa- 
pbtrjngtal;  tO.  puf imwcutrlc ;  11,  ^nil  am—oiT;  II,  hypo-sLoful ;  13. 
H  ia.BTM.iaeond,udUilrddlTlriciniD()irttantm;  Ic.  knse-fhiped  (urllcn 
of  pontodoim;  IT  uid  IB,  great  And  imaU  nparfldal  petroul  neTY«i ;  a,  ocd- 
pU*l  ilnai:  ft,  nnsior  loosttBdlnal i  i:,  laimlv  KarapblU;  d,  Utsral  ilnat; 
<  wipMlaT.  and  /  Infector  pctroial  ilniiii  g,  tranmiw  iIdiu;  A.  caiarnoni 
atou;  k,  areolar  dnaa;  1^  lunltarr  boAj  i  fn,  mlddlfi  mvuUigul  ailvrr ;  *,*. 
boma  D(  tiK  cu  i  0, 1^  bMnud  carotid  ut«7, 

the  eyeball.     It  also   communicates    with  the  cavemous 
plexus  of  the  sympathetia 

The  TroeUearu  or  /wrtA,  the  smalleat  cranial  oerv^ 
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lies  at  the  outer  aide  of  the  cms  cerebri  and  winds  buck- 
wards  round  the  side  of  the  superior  peduncle  of  the  oen- 
bellum.     When  traced  to  its  origin  it  is  seen  to  sink  into 
the  valve  of  Yieussens,  where  its  fibres  divide  into  three 
roots :  one  decussates  across  the  valve  with  a  root  of  the 
corresponding  nerve  on  the  opposite  side;  another  passes 
backwards  to  the  locus  cseruleus;  the  third  sinks  into  the 
corpora  quadrigemina  and  reaches  the  Sylvian  group  of 
nerve  cells,  from  which  the  third  nerve  also  arises.     The 
fourth  nerve  runs  forward  in  the  outer  wall  of  the  caver- 
nous sinus,  passes  into  the  orbit  through  the  sphenoidsl 
fissure,  and   enters  the  orbital  surface  of  the  superior 
oblique  muscle.     It  also  communicates  with  the  cavernous 
plexus  of  the  sympathetic. 

The  Abducent  or  iiaOh  nerve  springs  out  of  the  groove 
between  the  lower  border  of  the  pons  and  the  anterior 
pyramid  of  the  medulla  oblongata.  Its  roots  sink  deeply 
into  the  pons,  and  arise  from  a  nucleus  of  grey  matter  at 
the  floor  of  the  fourth  ventricle,  common  to  it  and  the  portio 
dura,  The  sixth  nerve  runs  forward  in  the  inner  wall  vf 
the  cavernous  sinus  in  contact  with  the  internal  carotid 
artery,  enters  the  orbit  through  the  sphenoidal  fissure,  asti 
ends  in  the  external  rectus  muscle.  It  communicates 
the  carotid  plexus  of  the  sympathetia 

The  Portia  dura  or  motor  facial  portion  of  the 
nerve  springs  out  of  the  groove  between  the  lower  bonier 
of  the  pons  and  the  restiform  body.  Its  roots  sink  deeply 
into  the  pons,  and  whUst  some  of  its  fibres  arise  from  % 
grey  nucleus,  at  the  floor  of  the  fourth  ventricle,  ochdixkxi 
to  it  and  the  sixth  nerve,  others  ascend  from  a  audeitf 
which,  according  to  Meynert,  lies  just  on  the  outer  aide  wf 
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the  saperior  olivaiy  body,  and  others  again  decuaaate 
acroaa  the  median  raphe  of  the  pona.  An  aoceBsoty  por- 
tion, called  porHo  uUermecUa,  which  ia  aaid  to  ariae  from 
the  lateral  colomna  of  the  cord,  joins  the  portio  dura. 
The  portio  dura  enters  the  internal  anditoiy  meatus  in  the 
petroua4emporal  bone  along  with  the  auditoiy  nerve;  but 
at  the  bottom  of  the  meatus  it  leaves  that  nerve  and  enters 
the  aqueduct  of  Fallopiua,  along  which  it  ia  conducted 
through  the  bone  to  emerge  at  the  atylo-mastoid  foramen. 
When  in  the  aqueduct  it  forms  a  Jaue^haped  bend^  and 
expands  into  a  small  gasiglioUj  which  ia  joined  by  the 
grtatj  tmaU^  and  external  miperfidal  petroicU  tierves. 
Through  the  external  petrosal  it  communicatee  with  the 
sympathetic;  through  the  great  petrosal,  which  subse- 
quently f onus  a  part  of  the  vidian  nerve,  it  communicates 
with  Meckel's  gangliod  on  the  3d  division  of  the  5th 
nerve,  and  through  it  supplies  the  levator  palati  and  azygoa 
uvulae;  through  the  small  petrosal  it  conmiunicates  with 
the  otic  ganglion  and  with  the  tympanic  plexus  of  the 
^osso-pharyngeal  nerva  The  portio  dura  gives  off— a,  a 
minute  branch  to  the  stapedius  muscle;  6,  the  chorda 
tympafUf  which,  entering  the  tympanum,  passes  across  that 
cavity,  emeiges  through  the  Glaserian  fissure,  and  joins  the 
lingual  branch  of  the  fifth  nerve,  which  it  accompanies  as 
far  as  the  submaxillary  ganglion ;  it  gives  a  branch  to  the 
ganglion,  and  one  to  the  lingualia  musda  After  the 
portio  dura  haa  passed  through  the  stylo-maatoid  foramen 
it  gives  off — e,  the  poiUrior  aurieular  branch  to  the  occi- 
pital belly  of  the  occipito-frontalis  and  to  the  retrahens 
anrem  muscle,  and  c2,  the  digdttric  branch  to  the  posterior 

belly  of  the  digastric  and  stylo-hyoid  muscles ;  and  then 

U 
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nins  forwards  through  the  parotid  gland  to  the  face,  where 
it  divides  into  ((')  innpoi-o-htnal  and  (/)  airvo^o-farial 
branches  to  supply  the  facial  muscles  of  expression,  i.e., 
the  muscles  of  the  scalp  and  external  ear,  the  orbicular 
muscles  of  the  eyelids,  the  nuiscles  which  dilate  and  com- 
press  the  nostrils,  the  muscles  which  approximate  and 
separate  the  lii>s,  including  the  })Uccinator  muscle,  and  also 
the  i)latysnia  myoides.  The  facial  is  also  the  secretory 
nerve  for  the  salivary  glands.  Through  the  chorda  tym- 
[>aui  it  influences  the  secretion  of  the  submaxillary  and 
sublingual  glands,  and  through  the  connection  V)etwcen  its 
small  petrosal  nerve  and  the  auriculo-temporal  in  the  otic 
ganglion  it  influences  the  parotid  gland. 

The  ^^piinil  Arrc^sor?/  is  the  lowest  division  of  the  eijhth 
7t'  rvc.  It  springs  out  of  the  side  of  the  medulla  oblongata, 
and  from  the  lateral  column  of  the  cervical  part  of  the 
s[»inal  cord  as  low  as  the  fifth  cervical  nerve  :  its  roots 
arise  from  the  intermedio-lateral  group  of  nerve  cells  in 
the  cord,  and  from  a  nucleus  of  grey  matter  in  the  floor  of 
the  fniirtli  venti'icle.  The  spinal  fibres  of  origin  enter  the 
skull  through  the  foramen  magnum,  join  the  fibres  from  the 
medulla,  and  leave  the  cranial  cavity  through  the  jugular 
foramen.  This  nerve,  purely  motor  in  function,  is  sul^ 
divided  into  two  j>;uts,  an  internal  and  an  external.  The 
t'jtcmal  passes  oblicpuly  outwards  across  the  side  of  the 
neck,  pierces  the  sterno-mastoid,  forms  a  plexus  of  commu- 
nication with  the  third  and  fourth  cervical  nerves,  and  ends 
in  the  trai>eziu>,  both  of  wliieh  nuisiles  it  supplies.  The 
lufcntfd  j«Miis  the  upjier  ganglion  of  the  pueumogastric 
nerve,  of  which  it  forms  the  nu>tor  or  accessory  root,  and 
is  distributed  aloiii:  with  it. 
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,  The  Hypoglo99al  or  mfdh  nerve  springs  out  of  the  groove 
between  the  anterior  pyramid  and  olivary  body  of  the 
medoUa  oblongata,  in  series  with  the  anterior  roots  of  the 
spinal  nerves.  Its  roots  pass  through  the  medulla  to  the 
floor  of  the  fourth  ventricle,  to  arise  from  the  nerve  cells 
in  two  nuclei  of  grey  matter  situated  dose  to  the  median 
furrow  (fig.  80).  This  grey  matter  is  in  series  with  the 
anterior  oomu  of  grey  matter  in  the  spina]  cord.  The 
nerve  passes  out  of  the  skull  through  the  anterior  condyloid 
foramen,  and  arches  across  the  side  of  the  neck  to  the 
tongue,  to  end  in  gloeeal  branches  for  the  supply  of  the 
intrinsic  and  extrinsic  muscles  of  the  tongue.  It  also  gives 
off — a,  the  deeeendens  noni  branch,  which,  after  been  joined 
by  the  eommunicantee  noni  from  the  cervical  plexus,  sup- 
plies the  omo-hyoid,  stemo-hyoid,  and  stemo-thyroid 
muscles;  6,  the  thyro-hyoid  branch  to  the  thyro-hyoid 
muscle;  «,  the  genio-hyoid  branch  to  the  genio-hyoid  muscle. 
It  communicates  in  the  neck  with  the  sympathetic,  vagus, 
lingual  branch  of  the  fifth,  and  cervical  plexus. 

The  group  of  Mixed  Nerves  will  now  be  considered. 

The  Trifacial  or  fifth  is  the  largest  cranial  nerve.  It 
springs  by  two  distinct  roots  out  of  the  side  of  the  pona 
The  smaUer  or  motor  root  arises  from  the  nerve  cells  of  a 
nucleus  of  grey  matter  situated  in  the  back  of  the  pons, 
near  the  floor  of  the  upper  part  of  the  fourth  ventricle. 
The  larger  or  sensory  root  has,  according  to  Meynert,  a 
complex  origin — a,  from  a  nucleus  of  grey  matter  in  the 
pons  to  the  outer  side  of  the  origin  of  the  motor  root ;  6, 
by  descending  fibres  which  arise  from  nerve  cells  in  the 
substance  of  the  corpora  quadrigemina,  from  the  grey 
matter  of  the  locus  cerulens,  and  from  the  longitudinal 
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fibres  of  the  pons ;  «,  by  ascending  fibres  which  apparaitlj 
arise  from  the  grey  tubercle  of  Rolando ;  J,  probably  by 
fibres  which  traverse  and  embrace  the  superior  pedonde  ol 
the  cerebellum.  As  the  laige  sensory  root  of  the  fifth  ha 
on  the  petrous  bone  it  expands  into  the  Oasserian  ganglion, 
which  resembles  in  structure  the  ganglion  on  the  posfceiior 
root  of  a  spinal  nerve.  From  this  gang^on  three  bige 
branches  arise,  named  respectively  the  Ist,  2d,  and  Sd 
divisions  of  the  ganglion  (Fig.  95). 

The  1«^  or  Ophihalwie  division  is  the  upper  sensofy  nerft 
of  the  face,  it  lies  in  the  outer  wall  of  the  cavernous  sinw 
and  divides  into  three  branches,  which  pass  out.  of  the  cfft- 
nial  cavity  through  the  sphenoidal  fissure,    a,  Its  laekymd 
branch  supplies  the  lachrymal  gland,  and  the  outer  pait  d 
the  skin  and  coxgunctivaof  the  upper  eyelid.   6,  Its  frmtal 
branch  divides  into  the  iuprortrochlear  and  supra-orbUd; 
the  suprartrochlear  supplies  the  inner  part  of  the  skin  and 
conjunctiva  of  the  upper  eyelid  and  eyebrow;  the  sapn- 
orbital  supplies  the  skin  of  the  forehead  and  scalp  as  fv 
back  as  the  vertex,  c.  Its  ocu/o-noM/ branch  gives  ^on^ofMiy 
nerves  to  the  eyeball,  a  naaal  nerve  to  the  mucous  mem- 
brane of  the  nose,  and  to  the  akin  of  the  side  of  the  nose, 
and  an  infrortrochlear  nerve  to  the  conjunctiva  and  inte- 
gument of  the  eyelids.     From  the  oculo-nasal  nerve  aiinB 
the  long  or  sensory  root  of  the  small  ciliarf  gangUm^ 
which  lies  in  the  cavity  of  the  orbit,  and  which  recemi 
also  a  motor  root  from  the  third  nerve,  and  a  root  from  the 
sympathetic     This  ganghon  gives  origin  to  the  akoft 
ciliary  nerves  for  the  eyeball 

The  2d  or  Superior  Maxillary  divitum  is  the  sensocy 
nerve  for  the  middle  part  of  the  face.    It  leaves  the  akuli 
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by  the  foramen  rotondum,  passes  across  the  spheno-maxillaiy 
fisSQie,  then  lies  in  the  canal  in  the  floor  of  the  orbit,  from 
which  it  emerges  on  the  face  through  the  infra-orbital 
foramen  as  the  injrororbital  nerve.  It  gives  off — a,  a  small 
crbital  branch  which  divides  into  a  temporal  branch  for  a 
small  part  of  the  skin  of  the  temple,  and  a  malar  branch 
for  the  skin  over  the  cheek  bone ;  b,  dental  branches  to  the 
teeth  in  the  upper. jaw;  c,  palpebral  branches  to  the  skin  and 
coigunctiva  of  the  lower  eye-Hd ;  d^  nasal  br^ches  to  the 
skin  and  mucous  membrane  of  the  nose;  f  ,  kdnal  branches  to 
the  skin  and  mucous  membrane  of  the  upper  lip.  It  also 
gives  off,  when  in  the  spheno-mazillary  foeaB^—f,  spheno- 
palatine branches,  which  form  the  sensoiy  root  of  the 
sphena-palaiine  or  MeckeVs  ganglion.  This  ganglion  receives 
%  motor  root  through  the  great  petrosal  nerve  from  the 
knee^haped  bend  of  the  portio  dura,  and  a  sympathetic 
root  from  the  carotid  plexus,  which  runs  along  with  the 
great  petrosal,  and  forms  with  it  the  vidian  nerva  The 
ganglion  gives  origin  to — a,  an  orbital  branch,  which  supplies 
%  layer  of  non-etriped  muscular  fibres,  described  by  H. 
Miiller  and  myself  as  developed  in  connection  with  the 
periosteum  of  the  orbit,  where  it  covers  the  spheno-mazillary 
fissure ;  5,  upper  nasal  and  nasa-palaiine  branches  to  the 
muoous  membrane  of  the  nose  and  hard  palate ;  e,  descend- 
ing palatine  branches  to  the  mucous  membrane  of  the  haid 
and  soft  palate,  and  to  the  levator  palati  and  azygos  u vulse ; 
dp  pterygo-palatine  to  the  mucous  membrane  of  the  upper 
part  of  the  phamyx. 

The  3c£  or  Inferior  Maxillary  division  passes  out  of  the 
skull  through  the  foramen  ovale,  and  as  it  does  so  is  joined 
bj  the  motor  root  of  the  5tL      By  the  junction  a  mixed 
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jurvi'.  is  forrruid,  wliich  is  the  sensory  nerve  for  the  lower 
])!irt  of  tli(!  fac(^,  and  the  skin  of  the  tem])le,  and  the  mot4»r 
n<;rv(;  lor  the  imiscles  of  mastication.  Immediately  after 
IKus.siiii^  thr<>ii;^h  the  foramen  this  nerve  divides  into  a 
Hiriall  and  Iar«;e  division,  in  each  of  which  motor  an<l 
sensory  fibn's  are  found.  The  Kmall  (livmo)i  supplies  mot>rr 
7ttffMf{r(tforf/  l)nuie]ies  to  the  masseter,  temporal,  external 
an<l  inri'mal  pterygoid  nuiscles  ;  but  further  it  gives  off  a 
/oy///  l,ii(T<tl  luaiich,  which,  though  often  described  as  the 
niotiir  itervr  for  the  buccinator  muscle,  is  really  a  sensory 
ni'rve  for  the  skin  and  mucous  membrane  of  the  chetk. 
'IMk;  sensory  nalun^  of  this  nerve  is  proved,  not  only  by 
pliysioloL^ical  and  ])ath(>l(»i^ical  experiments,  but  by  tracing 
its  librt's  throiii^h  the  buccinator  muscle  to  the  mucous 
mrmbrani'.  I  have  also  observed  two  cases  in  which 
tin*,  loiiir  Ituccal  nerve  arose  as  a  bninch  of  the  sensorv 
HU  peri  or  maxillary  nerve.  The  hinje  dinsirm  separates 
into  llirec  branches-  a^  aurlmlotrmjKtrftl^  which  ascends  to 
supply  llir  paiiftid  inland,  the  skin  of  the  auricle,  extenial 
meal ns,  and  temple,  and  the  t em poro-maxillary joint ;  h,  in- 
fi'viifv  (liuinl,  which  enters  the  dental  ciinal  in  the  lower  jaw, 
HU|)pli('s  the  lower  set  of  teeth,  and,  emerging  through  the 
mental  foramen,  supplies  the  skin  and  mucous  membrane  of 
the  lower  lip ;  the  inferi«>r  dentnl  also  gives  ofi  2^  mylo-hyoid 
brani^h  to  the  myl(>-hyoid  and  anterior  belly  of  the  digas- 
tric nuiseUr,  r,  llnipml  or  (/f/sftrfon/y  which  runs  forward 
along  the  side  of  the  tongue  to  end  in  the  filiform  and 
fungiform  paj»ilhe  of  its  mucous  membrane.  The  lingual 
branches  are  sensory  nerves  of  touch,  and  many  physiolo- 
gists believe  that  they  are  also  nerves  of  taste.  Connected 
with  the  branches  of   the  inferior  maxillary  division  ^e 


ENCEPHALIC  NERVES.  311 

two  small  ganglia,  which,  like  the  ciliary  and  spheno-pala- 
tine  ganglia,  are  of  a  greyish  colour,  contain  nerre  cells, 
and  receive  roots  from  motor,  sensoiy,  and  sympathetic 
nerves.  The  wbmaxiUary  ganglion  lies  under  cover  of  the 
myio-hyoid  musde,  and  receives  a  root  from  the  motor 
chorda  tympani  nerve,  a  root  from  the  sensory  lingual,  and 
a  sympathetic  root  It  gives  branches  to  the  sub-maxillary 
and  sublingual  salivary  glands.  The  otic  ganglion  lies  dose 
to  the  Eustachian  tube,  and  receives  a  root  from  the  mus- 
cular nerve  to  the  internal  pterygoid,  a  root  from  the 
sensory  auriculo-temporal,  and  a  sympathetic  root.  It  also 
receives  the  mnaU  petrosal  nerve,  by  which  it  is  connected 
to  the  knee^haped  bend  of  the  portio  dura  and  to  the 
gloeso-pharyngeal  nerve.  It  supplies  the  tensor  tympani 
and  tensor  palati  muscles.  The  branches  of  the  three  divi- 
sions of  the  fifth  cranial  nerve,  which  pass  to  the  skin  of 
the  temple,  forehead,  and  face,  freely  ccmmmnicate  with 
the  branches  of  the  portio  dura,  which  supply  the  muscles 
aitoated  in  those  regions. 

The  Glouo-pkaryngeal  or  uppermost  division  of  the  eighth 
nerve  springs  out  of  the  aide  of  the  medulla  oblongata 
between  the  olivary  and  restiform  bodies;  its  roots  arise 
from  two  small  masses  or  nuclei  of  grey  matter  in  the  floor 
ol  the  4th  ventricle  (Fig.  80).  The  nerte  passes  out  of  the 
skull  through  the  jugular  foramen,  where  it  possesses  two 
small  gangliOf  uBxaod  jugular  and  petrous.  It  then  passes 
across  the  side  of  the  neck  and  gives  off  carotid  branches, 
which  run  along  the  internal  carotid  artery;  pharyngeal 
branches  to  the  mucous  membrane  of  the  phaiynz ;  tonsil- 
iiie  branches  to  the  tonsil  and  soft  palate;  glossal 
branches  to  the  base  of  the  tongue  and  the  circumvallate 
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i-aT'ill.v,  wLich  bnincbes  are  iinquesti<"'DabIv  nerves  of  the 
>j»eci.\l  sen>e  of  taste  :  m*'*-^>'!'jr  branches  to  the  stylo- 
ph  in'n^eus  and  perhaps  the  constrictor  muscles.  Through 
the  iu_:iilar  and  r»etroiis  ranjlij.  the  nerre  CDmmniiicates 
with  tlie  Ta^as  and  sympathetic.  The  petrous  ganglion 
gives  off  the  tymj^'^nic  branch  or  it^rv  nf  J,ir.,h.*oTi,  which 
ent'^rs  the  tvmjx\nicc-avity.  sr.pr -lies  its  mucous  membrant-, 
and  iaves  off  three  coinniniiiaiting  branches — one  to  the 
sMiiT-athetic:  a  second  to  the  crreat  petrosal,  and  throuschit 
t'»  the  knee-r^hai^  bend  of  the  facial:  a  third  to  the  small 
petrosal,  and  thmugh  it  to  the  otic  r.mglion. 

The  P;7' "777'*7'7.<fr//-  Or  1'/;//.*.  the  middle  division  of 
the  - ' ih^h  cranial  nen'e.  sprin-rs  out  of  the  side  of  the 
medulla  t'blon^'ata,  K^tween  the  olivarv  and  restiforra 
hnxlie-  :  its  ro*^ts  arise  from  a  nucleus  of  crev  matter  in 
the  tl-T  of  the  4th  ventricle,  which  nucleus,  alonir  with 
those  f  T  the  irlossc-T'han'nL'eal  nerve,  is  in  series  with  the 
rM.steri'»r  coniu  of  ETev  matter  in  the  si-mal  cord.  It  e<">es 
thr"^;L'h  the  I'ui^vJar  funnnen.  is  iv^ned  bv  the  inner  divi- 
sion  uf  th?  sT>iual  accessorv  which  i^  its  nu'tor  root,  then 
pa-^SfS  d<.wn  the  side  of  the  neck,  enters  the  thorax, 
inclines  behind  the  root  of  the  lune,  reaches  the  outer 
wall  of  the  ces^n-hairus.  accompanies  that  tube  through 
the  dia^hraLTU.  and  terminates  in  the  wall  of  the  stomach. 
The  left  nen'e  lies  on  a  plane  anterior  to  the  riiiht : 
it  cros.-es  in  front  of  the  arch  of  the  aorta,  and  is  dis- 
tributed to  the  anterior  wall  of  the  >tomach,  whilst  the  right 
ne^^•e  supplies  the  j>r>sterior  wall.  Each  nerve  possesses 
high  in  the  neck  two  enlargements,  named  itj'ptT  and  loxper 
rj'ni'jli'i.  The  branches  of  the  vagus  are  numerous  and  im- 
portant.    Tlie  upper  ganglion  gives  origin  to  iho,  auriaiUir 
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branchy  which  traTening  a  small  canal  in  the  petrous  tempo- 
ral bone,  is  distribated  to  the  skin  of  the  back  of  the  auricle. 
The  lower  ganglion  gives  origin  to — a,  the  pharyngeal 
branch,  which  forms  a  plexus  with  the  glosso-pharjngeal 
and  sympathetic  nerves,  from  which  the  muscles  of  the 
pharynx  are  supplied;  6,  the  auperior  laryngeal,  which 
divides  into  an  external  branch  to  supply  the  crico-thyroid 
muscle,  and  an  tnttfrna/,  which  pierces  the  thyro-hyoid  mem- 
brane, and  supplies  the  mucous  lining  of  the  larynx  and  the 
mucous  covering  of  the  epiglottis.  The  trunk  of  the  nerve 
gives  origin  to — a,  the  recurrent  laryngeal  branch,  which  on 
the  right  side  turns  round  the  subclavian  artery,  and  on  the 
left  round  the  arch  of  the  aorta,  and  ascends  to  the  larynx  to 
supply  its  intrinsic  muscles  except  the  crico-thyroid ;  6, 
cardiac  branches,  which  arise  from  the  nerve  partly  in  the 
neck  and  partly  in  the  chest,  and  join  the  great  cardiac 
plexus  for  the  heart ;  c,  pulmonary  branches,  which  arise 
in  the  chest,  pass  into  the  substance  of  the  lungs,  and  form 
along  with  the  sympathetic  an  anterior  pulmonary  plexus 
in  front  of,  and  a  potterior  pulmonary  plexus  behind  the 
root  of  the  lung ;  cf,  cssophageal  branches,  which  supply 
the  coats  of  the  oesophagus;  f,  gastric  branches,  which 
supply  the  coats  of  the  stomach,  and  give  important  off- 
shoots to  the  great  solar  plexus  of  the  sympathetic  situated 
at  the  pit  of  the  stomach. 

DESCRiFTrvE  Anatomy  of  the  Sympathetic  Nervous 

System. 

The  Sympathetic  Nervous  System  consists  of  a  pair  of 
gangliated  cords,  situated  one  on  each  aide  of  the  spinal 
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column ;  of  three  great  gangliated  prevertebnl  plesosi 
situated  in  the  thoracic  and  abdominal  caTities ;  <^  n^uDe- 
roufl  smaller  ganglia  lying  more  especially  in  lelBtioii  ^ 
the  thoracic  and  abdominal  viscera ;  of  multitades  of  fioc 
communicating  and  distributory  nerves. 

Each  GaiigUcOed  Cord  of  the  sympathetic  extends  along 
the  side  of  the  spine  from  the  base  of  the  skull  to  the 
coccyx.     In  the  neck  it  lies  in  front  of  the  tnosrene 
processes  of  the  vertebrae ;  in  the  thorax,  in  front  of  the 
heads  of  the  ribs  \  in  the  abdomen,  on  the  sides  of  the  verte* 
bral  bodies;  and  as  it  descends  in  front  of  the  sacrum  it 
approaches  Its  fellow,  so  that  in  front  of  the  coccyx  the  tvo 
are  united  in  a  single  ganglion,  the  ganglion  impar  (Kg- 
7  7,  c).  Each  cord  consists  of  a  number  of  ganglia  united  into 
a  continuous  cord  by  intermediate  nerves.     As  a  rale,  the 
ganglia  equal  in  number  the  vertebrae  of  the  region.    Thus* 
in  the  sacral  region  there  are  five  ganglia,  in  the  Inmbtf 
five,  and  in  the  thorax  twelve ;  but  in  the  neck  there  are 
only  three,  named  superior,  middle,  and  inferior ;  of  these 
the  superior  is  very  large,  and  represents  without  doubt 
several  smaller  ganglia.  From  the  superior  cervical  ganghon 
the  cord  is  prolonged  upwards  by  an  amending  or  cnuoial 
offshoot  through  the  carotid  canal  into  the  cranial  cavity, 
and  forms  a  plexus  around  the  internal  carotid  artery,  both  in 
the  carotid  canal,  named  the  carotid  pUxut^  and  in  the  inner 
wall  of  the  cavernous  sinus,  named  the  cavemom  plexm. 
Through  branches  derived  either  directly  or  indirectly  from 
these  plexuses  the  sympathetic  roots  for  the  ciliary  and 
spheno-palatine  ganglia,  described  in  connection  with  the 

fifth  nerve,  are  derived. 

From  the  gangliated  cord  and  its  ascending  or  cranial 
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prolongation  a  communicating  and  a  distribntory  series  of 
branches  are  derived. 

By  the  Communicating  branches  this  portion  of  the 
sympathetic  is  connected  with  most  of  the  cranial  and 
with  the  anterior  divisions  of  all  the  spinal  nerves,  so  as  to 
bring  the  cerebro-spinal  and  sympathetic  systems  into  dose 
anatomical  and  physiological  relation  with  each  other. 
It  is  important  also  to  observe  that  each  communicating 
branch  contains  not  only  non-medullated  nerve  fibres  from 
the  83rmpathetic  system  to  the  cerebro-spinal  nerves,  but 
medullated  fibres  from  the  cerebro-spinal  to  the  sympar 
thetic,  so  that  a  double  interchange  takes  place  between 
the  two  systems.  The  superior  cervical  ganglion  and  its 
cranial  prolongation  conmiunicate  with  the  3d  and  4th 
nerves,  with  the  Qasserian  ganglion  of  the  5th,  the  6th,  the 
purtio  dura  of  the  7th,  the  glosso-pharyngeal  and  pneumo- 
gastric  of  the  8th,  with  the  9th  cranial  nerve,  and  with 
the  anterior  divisions  of  the  four  upper  cervical  spinal 
nerves.  The  middle  cervical  ganglion  communicates  with 
the  5th  and  6th  cervical  nerves :  the  inferior  cervical  gan- 
glion with  the  7th  and  8th  cervical  nerves:  the  twelve 
thoracic  ganglia  with  the  series  of  intercostal  nerves :  the 
five  lumbar  ganglia  with  the  series  of  lumbar  spinal  nerves : 
the  sacral  and  coccygeal  ganglia  with  the  sacral  nerves  and 
the  coccygeal  nerve. 

The  Distributary  branches  of  the  gangliated  cord  are  as 
follows :— a,  Pharyngeal  branches  from  the  superior  cervical 
ganglion,  which  join  the  phaiyngeal  branches  of  the  glosso- 
pharyngeal and  pneumogastric  nerves,  to  form  the  pharyn- 
geal plexutf  which  supplies  the  muscles  and  mucous 
membrane  of  the  pharynx.     5,  Articular  branches  from  the 
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upper  thoracic  and  the  lumbar  ganglia  to  the  articulations 
between  the  adjacent  vertebne.  r,  Pulmonary  branches  from 
the  3d  or  4th  thoracic  ganglia,  which  join  the  posterior 
pulmonary  plexus,     (/,  Vaso-moU/r  branches  or  ?i!rrri  moUes, 
"which  supply  the  muscuhir  coat  of  the  arteries  :  those  which 
arise  from  the  cranial  jirolongation  of  the  superior  cen'ical 
ganglion  siqiply  the  internal  carotid  artery  and  its  branches 
to    the    brain  and  eyeball :  those    which   arise   from   the 
superior  cervical  ganglion  itself  supi>ly  the  external  carotid 
artery  and  its  branches;   from  the  branch  accomjianpng 
the  facial  artery  the    submaxilliary  ganglion  derives  its 
sympathetic  rout ;    from    that   accompanying  the  middle 
meningeal  artery  the  otic  gangli(m  derives  its  sympathetic 
root  :    the  vaso-motor  nen'es  which  arise  from  the  middle 
cervical  ganglion  suj)ply  the  inferior  thyroid  artery,  and  pass 
to  the  thyroid  gland:  the  vaso-motor  branches  of  the  inferior 
cervical  gam^Hon  supply  the  vertebral  and  basilar  arteries  and 
their  several  branches,  which  pass  to  the  s}>inal  cord  and 
the  hinder  part  of  the  encephalon.    Vaso-motor  nerves  also 
arise  from  the  thoracic  ganglia,  which  pass  to  the  thoracic 
aorta,  from  the  lumbar  ganglia  to  the  abdominal  aorta,  and 
from  the  sacral  ganglia  tu  the  middle  sacral  artery ;  the 
ganglion  imj)ar  gives  branches  to  a  peculiar  vascular  struc- 
ture, named  the  corryrjeal  hody^  develo2)ed  in  connection 
with  the  end  of  the  middle  sacral  artery  j  a  body  of  similar 
structure,  called  intrrrarotic  f'oJy,  situated  in  the  angle  of 
bifurcation  of  the  common  carotid  artery,  receives  branches 
from  the  superior  cervical  ganglion,    e,  Cardiac  branches 
from  the  superior,  middle,  and  inferior  cervical  and  the  1st 
thoracic  ganglia,  which  pass  into  the  thorax  to  join  the  pre- 
vertebral cardiac  plexus,    /,  Splanchnic  branches  as  follows : 
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grecU  spUmehme  nerve^  fij  the  anion  of  branches  from  the 
thoracic  ganglia,  the  3d  to  the  10th  induBive ;  it  pierces  the 
cms  of  the  diaphragm,  and  passes  to  the  prevertebral  solar 
plexus;  tmall  splanchnic  nerve^  also  to  the  solar  plexus 
from  the  10th  or  1 1th  thoracic  ganglia ;  smalUst  splancknie 
nerve f  from  the  12th  thoracic  ganglion  to  the  renal  plexus. 
fff  Hypogiutric  branches,  from  the  lumbar  and  sacral  ganglia 
to  the  prevertebral  hypogastric  plexus. 

The  PreverUbral  Cardiac  plexus  is  situated  at  the 
base  of  the  heart,  and  is  divided  into  a  superficial  part, 
which  lies  in  the  concavity  of  the  arch  of  the  aorta,  and 
^deep  part  between  the  aorta  and  trachea.  It  receives 
the  cardiac  branches  of  the  pneumogastric  and  the  cervical 
ganglia  of  the  sympathetia  It  contains  collections  of 
nerve  cells  and  a  dense  plexiform  arrangement  of  nerve 
fibres.  It  gives  off  branches  to  the  heart,  which  wind 
around  the  surface  of  that  organ  and  penetrate  its  muscular 
substance:  on  these  branches  minute  ganglia  are  found 
which  regulate  its  rhythmical  movements.  Through  these 
branches  and  the  cardiac  plexus  the  heart  is  brought  into 
connection  with  both  the  cerebro-spinal  and  sympathetic 
systems  of  nerves.  The  sympathetic  apparently  regulates 
its  contraction,  for  when  this  nerve  is  stimulated  the  action 
of  the  heart  is  accelerated.  The  pneum(>ga8tric  again  exer^ 
cises  an  inhibitory  or  restraining  influence  on  the  oontrac- 
tions  of  the  organ,  for  when  this  nerve  is  irritated  the 
activity  of  contraction  is  diminished,  but  when  divided  it 
is  greatly  increased.  The  cardiac  plexus  also  sends  offsets 
to  the  anUrior  and  posterior  pulmonary  plexuses  for  the 
supply  of  nerves  to  the  lungs. 

The  Prevertebral  Solar  or  Epigastric  plexus  is  situated  at 
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the  j>it  of  the  stomach  around  the  coeliac  axis,  a  branch  of 
the  abdominal  aorta.  It  receives  the  great  and  small 
splanchnic  nerves  from. the  thoracic  ganglia  of  the  sympa- 
thetic, and  some  of  the  terminal  branches  of  the  pneumo- 
gastric  nerve.  It  contains  large  collections  of  nerve  cells, 
whicli  form  the  two  sanUiuifir  ganglia,  and  a  dense j)lexi- 
form  arrangement  of  nerve  fibres.  It  gives  origin,  either 
directly  or  indirectly,  to  numerous  plexiform  branches, 
which  accompany,  and  are  named  after,  the  abdominal 
aorta  and  its  various  branches  given  off  to  the  walls  and 
viscera  of  the  abdomen  proper.  In  this  manner,  not  only 
do  the  arteries  which  su[)ply  the  abdominal  viscera  receive 
their  vaso-motor  nerves,  but  the  muscular  and  mucous 
coats  of  the  stomach,  intestines,  gall  bladder,  bile  ducts, 
ureters,  and  seminal  ducts,  and  the  glandular  structures  of 
the  liver,  pancreas,  kidneys,  spleen,  testes,  and  supra-renal 
capsules.  It  is  important  also  to  observe  that  these  plexuses 
of  distribution  not  unfrequently  contain  small  ganglia, 
and  the  branches  which  supply  the  muscular  coat  of  the 
stomach  and  intestines  have  minute  microscopic  ganglia, 
with  stellate  nerve  cells  lying  amidst  them.  The  distribu- 
tion of  the  pneumogastric  nerve  to  the  stomach,  and  its 
connection  with  the  solar  i)lexus,  enables  that  nerve  to 
stimulate  its  peristaltic  contraction,  and,  according  to  some 
experimenters,  that  of  the  small  intestine  also ;  but  the 
precise  action  of  the  sympathetic  on  these  organs  is  still  a 
disputed  question,  though  some  physiologists  hold  that  it 
is  the  inhibitory  nerve  for  those  organs. 

The  Prevertcbnil  II f/j agastric  j^lvxus  is  situated  in  front 
of  the  last  lumbar  vertebra.  It  receives  branches  from  the 
lumbar  ganglia  of  the  sympathetic,  and  from  the  plexus 


SYMPATHETIC  NERVOUS  STSTEM.  319 

rarroondiDg  the  abdominal  aorta.  It  divides  into  two 
parts,  which  lie  one  on  each  side  of  the  rectum,  and  are 
called  the  pelvic  plexuses  ;  these  plexuses  are  joined  by 
branches  from  the  sacral  ganglia  of  the  sympathetic,  and 
from  the  3d  and  4th  sacral  spinal  nenres,  and  contain 
small  gangliform  collections  of  nerve  cells.  From  the 
pelvic  plexuses  numerous  plexiform  nerves  arise,  which 
accompany  the  internal  iliac  artery  and  its  branches  to  the 
walls  and  viscera  of  the  pelvis,  and  are  named  after  them. 
These  nerves  not  only  supply  the  vaso-motor  nerves  for 
these  blood-vessels,  but  abo  the  muscular  coat  and  mucous 
membrane  of  the  bladder,  rectum,  and  urethra,  besides 
the  prostate  gland  in  the  male,  and  the  uterus  and  vagina, 
and  in  part  the  ovaiy,  in  the  female ;  in  connection  with 
their  distribution  to  these  viscera,  minute  ganglia  are 
found  lying  amidst  the  nerves,  the  nerve  cells  in  which 
act  undoubtedly  as  centres  of  reinforcement  for  the  origin 
of  additional  nerve  fibres. 

From  the  distribution  of  the  branches  of  the  gangliated 
oord  of  the  sympathetic,  and  of  the  gangliated  prevertebral 
plexuses,  it  will  be  seen  that  this  nerve  is  especially  asso- 
ciated with  the  blood-vessels  and  the  thoracic  and  abdo- 
minal viscera.  As  the  cerebro-spinal  system  is  engaged  in 
the  supply  of  nerves  to  the  voluntaiy  muscles,  the  S3rmpa- 
thetic  is  the  medium  of  supply  for  the  involuntary  mus- 
cular apparatus,  both  in  the  coats  of  the  vessels  and  in  the 
walls  of  the  hollow  viscera.  But  though  the  vaso-rootor 
nerves  branch  off  from  the  sympathetic  ganglia,  it  must 
not  be  supposed  that  they  have  no  connection  with  the 
cerebrospinal  system.  The  communicating  branches  be- 
tween the  sympathetic  ganglia  and  the  anterior  divisions 
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ot  tl.o  >v::i;.l  r.crvc^  t\-:v.bl:>h  a  connection  between  them 
:i::d  :ho  corol  r^-sv::.Al  r.crvoiis  axis.  By  recent  experi- 
i:.o:i:s.  :l;o  ::v.;:  vt  trAi.^iiiission  of  the  vaso-motor  fibre^s 
h.is  bvo:i  tr.Kca  a'.'iu*  wi::i  the  anterior  roots  of  the  spinal 
uorvos.  t:.r\'U_:h  the  l^torAl  CL-iumns  of  the  cord  to  the 
n;v\:;r.\i  ol  '.v  i.c-ts^,  in  \vl::vh  the  vaso-motor  nerve  centre 
l\'>  a  l:::'.^  to  o:io  si^lo  cf  the  mesial  plane,  above  the 
oalAinus  jivii' :.  riu<.^  In  the  ^.listribution  of  the  sjTnpa- 
tliotio  tv>  tl;o  c'-'-diilAr  visot^ra.  not  only  is  it  important 
Ti>  atror.vl  to  th».ir  tcnr.::;atioi:s  in  the  muscular  coat  of 
tl.o  b\v\i  vts<v!s  of  tlie  c'-ii.ds,  but  the  termination  of 
t:io  r.aws  in  o.  :;:u\:^  :i  with  the  secretiui:^  cells  them- 
s;'vo.<  iiiu^t  Iv  taktii  :::to  consideration.  The  communi- 
cations botNVvOn  the  clTvI  rv-<:  inal  and  s^in pathetic  systems, 
Uv't  onlv  tlirv  luh  tho  s^in.J  nerves,  but  also  throui^h  the 
]>v.o;y.!\ocu-t:io.  arv^  to  Iv  kept  in  mind  in  considering 
t'.io  itVoots  MVvinccd  bv  varying  mental  conditions  on  the 

L  «  »  >- 

^  v\  P.-.'.-".\r,  Vy  v\;r.  f./.'.y  dc\-.>t\l  tx:\r:'.r.ents  p^rformeil  on 
r.-.'-'  :.<.  !..;<  '  -..•/•>s  i  :*-.o  \.>^-:r, :  7  ve:::rt»  m  the  nuniulla  oblon;rat;t 
ir.  ;\  ^;\^:  ./.  ^u*.  o  :".'.'.'.•.••.  v'.r.  >  ;;'vC\e  the  \  ::nt  of  the  calamus  scrij'- 
t.^f.u<.  1  tv^  1}  :•••'•■..  V  4  t.^  .  .*  '.:  :'..'  l<'..w  the  lower  margin  of  the 
f.f  V  rv'.r.'.r;  '.  ;'.o"../.o.  V.f.y.;:;,  V.  w^vcr.  from  his  expt^riiiients  con- 
swurs  tl;.;:  tV.o  v.i^v^-'.v.  "..t  vYv.trv  i>  r.ot  liii.iicvi  to  the  meviulla  oblon- 
c.;:.'»,  l-.it  :V..r.  uu:ucroui  uii'.ra  a:\'  s<utcvi  in  ihe  grey  substance  of  the 


CHAPTER   VI. 

ORGANS  OF  SENSK 


The  organs  of  sense  are  the  organs  through  the  interme- 
diation of  which  the  mind  becomes  cognisant  of  the  appear- 
ance and  properties  of  the  various  objects  in  the  external 
world.  These  organs  are  severally  named  nose,  eye,  ear, 
tongue,  and  skin.  For  the  excitation  and  perception  of  a 
sensation  three  sets  of  structures  are  necessary:  a, a 
peripheral  end-organ;  6,  a  sensoiy  nerve;  c,  a  central 
organ.  The  peripheral  end-oigan  is  the  part  of  the  appa- 
ratus to  which  the  stimulus  necessary  for  the  production  of 
the  sensation  is  applied  This  stimulus  causes  nervous 
impulses  to  be  propagated  from  the  end-organ  along  the 
fibres  of  the  sensory  nerve  to  the  central  organ,  in  which 
that  nerve  terminates  at  its  central  extremity.  These  ner- 
vous impulses  occasion  molecular  changes  in  the  nerve  oeUs 
of  the  brain,  and  the  mind  becomes  conscious  of  a  sensation. 
The  shape  and  construction  of  each  organ  of  sense  is  adapteV 
to  the  application  of  the  stimulus  required  for  the  produd 
tion  of  the  particular  sensation  to  which  the  organ  is  sub^ 
servient  Each  organ  of  sense  possesses  its  own  character- 
istic form  of  end-organ.  The  touch  corpuscles  of  the  skin, 
the  end  bulbs  found  in  several  mucous  membranes,  and 
the  Pacinian  corpuscles,  are  the  end-organs  occurring  in 
their  several  localities;  the  peripheral  ends  of  the  sen- 
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entrance  to  the  respiratoiy  passage,  is  accessory  to  the  pro- 
duction of  the  voice,  aids  in  the  sense  of  taste,  and  forms 
one  of  the  most  important  features  of  the  face.  It  is  sub- 
divided into  a  right  and  a  left  chamber  by  a  vertical  mesial 
partition,  the  septum  nan,  so  that  the  nose  is  a  double 
organ  in  the  same  sense  as  the  eyes  or  ears  are  double. 
The  walls  of  the  cavity  of  the  nose  are  formed  partly  of 
bone  and  partly  ol  cartilage.  The  osseous  walls  are  r^erred 
to  on  page  34.  The  cartilages  form  the  point,  the  alae,  and 
a  part  of  the  septum  nasi  The  mesial  or  septal  cartilage  is 
triangular  in  shape,  and  fits  into  the  interval  between  the 
vomer,  the  mesial  plate  of  the  ethmoid,  and  the  nasal  spine 
of  the  superior  maxilla  (Fig.  7).  Anteriorly  and  inferiorly 
its  border  is  free,  projects  on  to  the  face,  and  forms  the 
columma  of  the  nose.  The  lateral  cartilages  form  the  tip 
and  alaB.  On  each  side  is  an  upper  lateral  cartilage  attached 
by  its  outer  margin  to  the  free  edge  of  the  nasal  bone  and 
superior  maxilla,  whilst  by  its  inner  it  is  continuous  with  the 
anterior  border  of  the  septal  cartilage.  The  Iwaer  lateral 
cartilage  curves  inwards  upon  itself,  touches  its  fellow  in 
the  mesial  plane  at  the  tip,  and  forms  the  anterior  and 
lateral  boundary  of  the  orifice  of  the  nostriL  It  is  con- 
nected by  fibrous  membrane  above  to  the  upper  lateral 
cartUage,  and  behind  to  the  anterior  edge  of  the  superior 
piftTillft^  In  this  membrane  two  to  five  small  cartilaginous 
plates,  called  the  epa4ial  cartilages,  are  often  found 
imbedded.  The  skin  of  the  nose  which  covers  the  lower 
lateral  cartilages  contains  numerous  sebaceous  follicles, 
which  open  by  comparatively  large  orifices  on  the  surface. 
It  is  closely  connected  to  these  cartilages,  and  to  the 
muscles  of  the  aha.     The  lower  lateral  cartilage  forms  the 
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wall  of  the  vcstibnlc  or  entrance  to  the  nasal  chamber,  and 
the  vestibule  i.s  lined  by  a  i)rolongatiou  of  the  integument, 
which  is  studded  with  numerous  short  hairs  or  vibrm<i. 
Each  na.s:d  chamber  is  lined  by  a  mucous  membrane  ciilled 
the  pitnitdri/  or  Sc/mtiJcrlan  membrane,  which  is  pro- 
longed into  the  meatuses  and  the  air  sinuses  opening  into 
them;  posteriorly  it  is  continuous  with  the  mucous  liniui: 
of  the  pharynx,  and  anteriorly  it  blends  with  the  cutaneous 
lining  of  the  vestibule.  The  lutuitary  nuanbrane  is  thick 
and  soft,  and  diminishes  the  size  of  the  meatuses  and  tL«.^ 
openings  of  the  air  siniises  as  seen  in  the  skeleton.  TLc 
mucous  membrane  is  divided  intt>  a  res])iratory  and  an 
olfactory  region.  The  nspiratorf/  ngion  corresponds  to  the 
lloor  of  the  nose,  to  the  inferior  tin-bin  at  ed  bone,  and  to 
the  lower  third  of  the  nasal  septum.  It  is  covered  by  a 
ciliated  columnar  epithelium,  and  contains  numerous  race- 
mose glands  for  the  secretion  of  nuicus  or  pitultd.  It  is 
also  vascular,  and  the  veins  which  ramify  in  it  have  a 
]>Iexiform  arranircment.  The  mucous  lininij  of  the  air 
sinuses  is  also  ciliated,  but  almost  devoid  of  glands,  except 
in  the  antrum,  in  which  region  the  glands  sometimes  dilate 
into  cystic  tumours. 

The  olfactory  vtu/ion  is  the  seat  of  distribution  of  the 
olfactory  nerve  and  of  its  peripheral  end-organs.  It  curre- 
.sj)onds  to  the  roof  of  the  nose,  to  the  superior  and  middle 
turbinals,  and  the  uj>per  Hrds  of  the  septum.  The  mucous 
membrane  is  thick,  soft,  easily  destroyed,  of  a  yellowL>h 
In-own  colour,  and  blended  with  the  periosteum.  When 
vertical  sections  through  this  membrane  are  examined 
micr«»sco2>ically  the  tubular  glands  discovered  by  Bowman 
may  be  seen  in  its  vascular  connective  tissue  layer.     These 


glaods  contain  roundish  secreting  cells  witli  yellowish' 
brown  pigment-etained  contents.  The  epithelinm  is  cylin- 
drical, bnt  not  UHnatly  ciliated,  thoogh  patches 
of  ciliated  epithelium  cells  are  said  to  occnr 
in  man.  Long,  slender,  and  even  branched 
(iroceases  proceed  from  the  deeper  end  of 
each  cell  towards  or  even  into  the  sub-epi- 
thelial connective  tissue.  The  cells  usually 
contain  pigment  grannies.  Between  the  epithe- 
lium cells  the  characteristic  olfactory  cells  of 
Schnltze  are  situated.  Each  ol/actffry  cell  (Fig. 
9G)  consists  of  a  globular  or  fusiform  body, 
from  which  two  long  processes  arise  :  one,  the 
;im/)A«ra/ proceu,  passes  vertically  between  the 
adjacent  cylindrical  epithelium  cells  to  the  free 

surface  of  the  mucous  membrane:  in  amphibia, 

.,  ,  .  ■   1    .  1  ,    ,        .        f'*  M.— seeMon 

reptiles,  and  birds  it  projects  beyond  the  plane  thnnub     th* 

of  the  epithelinm  as  s  simple  hair-like  struc-  «"  mtnii- 
ture,  or  subdivided  into  several  slender  "  oZ/oc-  'hfiiam  reiii 
taryhairt;"  in  fish  and  mammals,  man  in-  't"^^."'^' 
elusive,  it  ends,  without  forming  a  hair-like  [1^^"'^^^' 
prolongation,  on  the  general  plane  of  the  W^**«^'- 
mncous  surface.  The  second  or  central  protet*  of  the  olfac- 
tory cell  extends  towards  the  sub-epithelial  connective 
tissue  :  it  is  finer  than  the  peripheral  process,  and  has  not 
nnfrequently  a  varicose  appearance  like  a  nerve  fibra 

Inthedescriptionof  the  developmentof  the  brain  (p.  214), 
the  origin  of  the  olfactory  bulb  and  peduncle  from  the 
hemisphere  vesicle  was  referred  to.  In  the  adult  brain  the 
olfactory  peduncle  is  in  contact  with  the  under  surface  of 
the  frontal  lobe  (Fig.  94).   It  is  a  white  band,  which  divides 
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in  front  of  the  Iocob  perforatus  anticus  into  the  thiee  so- 
oalled  roots  of  the  olfactory  nerva  The  exUmal  or  lom^ 
root  passes  outwards  across  the  Sylvian  fissure  to  the  gyrus 
hippocampi,  and  perhaps  also  to  the  insula :  a  few  fibres 
are  continuous  with  the  anterior  commissure;  but  in  those 
mammals,  in  which  the  olfactory  peduncle  forms  a  good- 
sized  lobe,  it  receiyes  many  fibres  from  the  ccHnmissoie. 
The  middle  or  grey  root  contains  white  fibres  which 
proceed  from  tha  corpus  striatum.  The  internal  or 
short  root  has  been  traced  into  the  anterior  end  of  the 
g3rrus  fomicatus;  hence  the  inner  and  outer  roots  of 
the  olfactory  peduncle  aro  connected  with  the  anterior 
and  posterior  extremities  of  the  arch-shaped  gyrus.  The 
olfactory  Mbs  rest  on  the  upper  surface  of  the  cribri- 
form plate  of  the  ethmoid,  one  on  each  side  of  the 
crista  galli  Each  bulb  consists  both  of  grey  and  white 
matter,  and  sometimes  retains  the  central  cavity  lined  by 
a  ciliated  epithelium.  The  grey  matter  contains  fusi- 
form and  pyramidal  nerve  cells  imbedded  in  neuro^ia  (the 
itrcUum  yekUinosum  of  L.  Clarke).  Between  it  and  the 
central  cavity  is  the  white  matter  formed  of  nerve  fibi^ 
interspersed  with  "granules,''  similar  to  those  seen  in 
the  rust  coloured  layer  of  the  cerebellum.  Between  the 
grey  matter  and  the  surface  is  the  stratum  ylomeruloaum  of 
Meynert,  which  apparently  consists  of  coils  of  the  olfactonr 
nerve  fibres  with  interspersed  ''  granules. "  The  oi/acior^ 
nerve  fibres  form  the  first  pair  of  cranial  nerves  or  itervtep 
of  smell;  they  leave  these  glomeruli  in  from  15  to  25 
bundles,  and  enter  the  roof  of  the  nose  through  the  hcJe^ 
in  the  cribriform  plate;  they  lie  in  grooves  in  the  booe« 
of  the  olfactory  region,  and  form  a  network  from  which 
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bundles  of  fine  non-medoUated  fibres  arise  that  enter  the 
mncons  membrane  and  ran  between  the  glands  into  the 
epithelial  layer.  These  nerves  have  a  varicose  appearance, 
and  though  their  terminations  have  not  been  precisely 
ascertained^  it  is  believed  that  they  are  connected  with  the 
varicose  central  processes  of  the  olfactory  ceUs,  which  cells 
are  therefore  regarded  as  the  peripheral  end-oigans  of  the 
olfactory  nerve  fibres.  The  mncons  membrane  of  the  nose 
also  receives  branches  from  the  1st  and  2d  divisions  of  the 
5th  cranial  nerve.  Their  mode  of  termination  in  that 
membrane  is  not  known,  but  they  are  associated  with  the 
sense  of  touch,  and  not  with  the  special  sense  of  smelL 

The  nose  appears  on  the  face  of  the  embryo  in  the  form 
of  two  little  depressions  in  the  epiblast,  the  tuual  pUs^  one 
on  each  side  of  the  mesial  plane.  Each  pit  is  superficial 
to  the  olfactory  bulb  prolonged  forward  from  the  corre- 
sponding hemisphere  vesicle,  and  lies  between  the  fronto- 
nasal process  and  the  maxillary  process  in  the  embryo 
head.  At  first  the  rudimentary  nasal  chambers  freely 
communicate  with  the  cavity  of  the  mouth;  but  by  the 
growth  inwards  to  the  mesial  line  of  the  palate  of  the 
palatal  processes  of  the  superior  maxillary  lobes,  the 
cavity  of  the  mouth  is  shut  off  from  the  nose,  except 
where  the  incisive  canals  remain  pervious  in  the  anterior 
part  of  the  upper  jaw  bones.  As  the  nasal  pits  are  lined 
by  an  involution  of  the  epiblast,  the  epithelial  lining  of 
the  nose,  including  the  olfactory  cells,  is  derived  from  the 
epiblast  cells.  The  oeseo-cartilaginous  framework  of  the 
nose  is  produced  by  a  differentiation  of  the  mesoblast,  and 
in  all  probability  the  olfactory  nerve  fibres  distributed  to 
the  mucous  membrane  are  also  derived  from  the  mesoblast. 
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TiJE  Eyeball. 

Tlic  EvLDALL,  globe  or  apple  of  the  eye,  or  organ  «,>f 
vision,  is  a  coiii])k'X  optical  ajtparatus  situated  in  the  cavity 
of  the  orltit,  inihedded  to  a  large  extent  in  loose  fat,  and 
w  ith  several  muscles  attached  to  it.  Its  fonn  a])proxiinates 
to  the  s|)heroidal,  but  it  actually, .cinisists  of  segments  of 
two  splieres,  the  posterior  of  which  is  the  larger. 

The  eveljall  consists  of  three  coats  or  tunics,  which 
enclose  three  translucent    refracting  media.     The  first  or 
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V.  vitvei.us  l>(»dy;  Z,  zt-nulr  cf  Zinn.  flu-  ciliuiy  procs-.  l..in>;  rtMuove*!  to. show- 
it:  p.  canal  of  I'ttit;  in,  in  icula  «n  ycll.iw  spot.  Iho  dotted  ]ine  bchina  tho 
cornea  ^t■l■^l■scnf^  its  [tostciior  tpitlKlimu. 

external  coat  consists  of  a  posterior,  white,  0})aque  mrt, 
the  srUrodcj  which  corresponds  in  its  area  with  the  posterior 
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larger  B^ment  of  the  eyeball,  and  of  an]  anterior,  translu- 
cent part,  the  cornea,  which  corresponds  in  its  area  with 
the  anterior  smaller  segment  of  the  eyebalL  Piercing  the 
sclerotic  coat  is  the  optic  nerve,  which  enters  the  globe 
about  |th  inch  to  the  nasal  or  inner  side  of  its  antero- 
posterior axis.  The  second  or  middle  coat,  or  tunica 
vasculosa,  consists  of  a  posterior  part  or  choroid^  the  area 
of  which  corresponds  almost  exactly  with  the  sclerotic; 
this  coat  possesses  anteriorly  numerous  folds,  the  ciliary 
processes^  which  are  continuous  with  the  iris,  a  structure 
which  lies  behind  the  cornea.  The  third  or  internal  or 
nervous  coat  is  named  the  retina,  and  in  it  the  optic  nerve 
terminates.  The  enclosed  refracting  media  occupy  the 
axis  of  the  globe,  and  are  named  from  before  backwards 
the  aqueou8  humour,  crystalline  lens,  and  vitreous  body. 

THE  EXTERNAL  OB  FIBROUS  TUNIC. 

The  Sclerotic  coat,  called  from  its  white  appearance  the 
white  of  the  eye,  is  a  firm,  unyielding  fibrous  membrane, 
which  forma  the  posterior  |ths  of  the  outer  coat  of  the 
eyebalL  It  is  thicker  behind  than  in  front,  and  where 
pierced  by  the  optic  nerve  it  has  a  cribriform  structure,  as 
the  bundles  of  nerve  fibres  do  not  pass  through  one  large, 
but  several  small  openings.  The  sclerotic  consists  of  the 
white  fibrous  form  of  connective  tissue,  intermingled  with 
a  small  proportion  of  elastic  fibres.  The  bundles  of  white 
fibres  lie  in  two  directions;  some  pass  in  the  meridian  of 
the  globe  from  the  optic  nerve  towards  the  cornea,  others 
lie  parallel  to  its  equator.  The  sclerotic  is  joined  by 
accessory  fibres  behind,  derived  from  the  perineurium  of 
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the  optic  nerve,  where  the  nerve  pierces  it ;  and  in  front 
from  the  tendons  of  the  recti  and  obliqni  muscles,  which  are 
inserted  into  it.  In  the  cetacea  the  sclerotic  possesses  extra- 
ordinary  thickness.  In  fish  and  amphibia  it  consists  laigdj 
of  cartilage,  and  in  birds  a  ring  of  bone  is  developed  aioand 
its  anterior  margin.  It  is  the  protecting  coat  of  the 
eyeball 

The  Cornea  forms  the  translucent  anterior  ^th  of  the 
outer  coat  of  the  eyebalL  It  is  almost  circular  in  form, 
and  is  blended  at  its  circumference' with  the  anterior  border 
of  the  sclerotic.  Its  anterior  surface  is  convex,  and  covered 
by  the  conjunctival  epithelium.  The  forward  projection 
of  the  cornea  ia  always  greater  in  young  than  in  aged 
persons.  Its  posterior  surface  is  concave,  and  bounds  the 
chamber  in  which  the  aqueous  humour  is  contained :  if  the 
chamber  be  punctured,  and  the  humour  evacuated,  the 
cornea  loses  its  translucency,  tension,  and  forward  con- 
vexity, and  becomes  flaccid  and  opaque.  It  has  consideiibk 
thickness,  and  can  be  readily  split  up  into  laminae.  Wlien 
antero-posterior  sections  are  made  through  it  and  the 
epithelium  on  its  anterior  and  posterior  surfaces,  foor 
distinct  series  of  structures  may  be  seen,  viz.,  the  anterior 
epithelium,  the  proper  tissue  of  the  cornea,  the  posterior 
elastic  lamina,  and  the  posterior  epithelium. 

The  anterior  epiihelium  of  the  cornea,  often  called  the  con- 
junctival epithelium,  is  stratified.  The  deepest  layer,  which 
lies  next  the  cornea,  is  formed  of  elongated  cells,  placed 
vertically  to  the  plane  of  the  surface  of  the  cornea^  The 
more  superficial  layers  are  squamous  cells,  often  with  floted 
surfaces  and  serrated  or  spinous  edges.  The  intermediatie 
layers  are  irregular  in  shape,  and  often  possess,  as  Qeland 
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pointed  out,  long  digitate  processes,  which  interlock  vrith 
those  of  the  a4jacent  cells. 

The  proper  ttsnte  of  the  eomea  is  a  modified  form  of 
connective  tissue.  When  examined  fresh  it  appears  as  if 
perfectly  homogeneous,  but  after  a  time,  and  more  espe- 
cially if  hardened  in  alcohol,  chloride  of  gold,  and  other 
reagents,  it  is  seen  to 
consist  of  cellsand  an 
intercellular  matrix. 
The  cells  consist  of 
two  kinds,  —  those 
which  belong  to  the 
cornea,     and     those     _   ^     «  ,       ^ 

Fia  9a'>SteIUte  cell  from  the  centre  of  the 
which  have  migrated  comeaofanoz.    iF^vmThm.) 

into  it  The  proper  cornea  cells  or  cornea  corpusclee  were 
first  seen  by  Toynbee,  and  have  been  carefully  studied  by 
numerous  subsequent  observers.  They  are  large  stellate, 
flattened  cells,  and  lie  with  their  surfaces  paraUel  to  the  sur- 
faces of  the  cornea;  they  possess  branching  thread-like  pro- 
cesses, and  the  processes  of  adjacent  cells  anastomose  to  form 
a  cell  network  (Fig.  98).  They  consist  of  nucleated  masses 
of  protoplasm,  which  Kuhne  showed  to  be  contractile,  and 
are  apparently  destitute  of  a  cell  walL  In  vertical  sections 
through  the  ^cornea  the  corpuscles  seem  as  if  shaped  like 
elongated  spindle&  The  migrating  celU  of  the  cornea  were 
first  seen  by  von  Recklinghausen.  They  resemble  white 
blood  corpuscles,  and  possess  active  amoeboid  movements, 
so  that  they  can  wander  through  the  corneal  tissue.  In  a 
healthy  cornea  they  have  migrated  out  of  the  marginal 
blood-vessels;  but  in  an  inflamed  cornea,  where  their  num- 
ber is  greatly  increased,  they  are  in  part  white  corpuscles 


tiuOliv  l...i]i^  urnid^o,!  i>;iv,ill.'l  to  l\w  Mirfa«s  of  tl..- 
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Thin  believes  them  to  be  lymph-vessels  traversing  its 
substftnce,  for  he  has  seen  a  lining  of  flat  cells  similar 
to  the  endothelial  cells  lining  the  lymphatics  (Fig.  99). 
It  is  probable  that  these  spaces  serve  as  the  chan< 
nels  for  the  migrating  corpuscles  to  wander  through. 
Thin  also  describes  the  proper  cornea  corpuscles  as  lying 
in  lacnns,  lined  by  flat  cells,  which  communicate  with 
each  other  and  with  the  lymph-vessels.  The  posterior 
elastic  lamina  forms  a  distinct,  translucent,  structureless 
layer  adherent  to  the  back  of  the  proper  tissue  of  the  cornea, 
from  which  it  may  be  stripped  off  without  much  difficulty. 
When  torn  across,  the  edges  curl  inwards  towards  the 
corneal  tissue.  It  is  from  -s-oVv  ^  vifVv  ^  ^^  thick,  and 
resists  the  action  of  various  reagents.  This  lamina  thins 
off  at  its  circumference  and  splits  into  fibres,  which  become 
continuous  with  the  pectinate  ligament  of  the  iiis. 

The  poiterior  epithelium  of  the  cornea,  also  called  the 
epithelium  of  the  aqueous  humour,  forms  a  single  layer 
of  polygonal  cells  on  the  back  of  the  posterior  elastic 
lamina.  It  is  continuous  with  the  epithelial  covering  of  the 
pectinate  ligament  and  of  the  anterior  surface  of  the  iris. 

The  cornea  is  not  in  the  adult  traversed  by  blood-vessels, 
though  in  the  foetus  a  layer  of  capillaries  lies  near  its 
anterior  surface.  In  the  adult,  however,  the  margin  of 
the  cornea  is  penetrated  by  a  zone  of  capillaiy  loops  derived 
from  the  arteries  of  the  conjunctiva ;  these  loops,  according 
to  Lightbody,  are  invested  by  perivascular  lymph  spaces. 
The  venous  canal  of  Schlenmi  runs  roimd  the  circumference 
of  the  cornea,  at  the  junction  of  its  deeper  layers  with  the 
sclerotic.  Leber  states  that  it  is  not  a  simple  canal,  but 
a  plexiform  arrangement  of  veins.    The  nerves  of  the 


cornea  first  aeen  by  Schlemm  tave  been  carefully  exMnitirf 
by  recent  observers.  They  ariae  bom  the  dliuy  nerrn, 
and  enter  the  naipa  (d 
the  conieB  in  fromtwentf 
to  forty  f  aadcQli,  «Udi 
run  from  the  drcomfa- 
ence  to  the  centre  ud  to 
the  anterior  surface  of  the 
cornea,  and  give  off  nu- 
merous branches.  This 
states  that  the  nermlk 
free  in  the  lymph  spacei 
and  canals,  and  that  bt- 
tweeu  them  and  the  M 
cells  lining  the  canslB  >* 
Dt  the  fluid-filled  space  in 
0  which  the  migrating  eot- 
'  iFnm  ni».)  '  "  puscles  can  wander.  Tbt 
nerve  fibres  soon  lose  their  medullary  sheath,  and  brandi: 
adjacent  branches  then  oommnnicate,  and  fono  [Jextue 
which  possess  nuclei  at  the  points  of  intersectiMi  ol  tbe 
nerves.  From  these  plexuses  delicate  branches  agnifi 
arise,  some  of  which  penetrate  between  the  c«Us  of  the 
anterior  epithelium,  whilst  othen  end  in  the  proper  tisN' 
of  the  cornea.  Kuhne  stated  that  the  terminal  fibt^ 
ended  in  the  cornea  corpuscles,  but  this  statement  has  im^ 
been  confirmed. 
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THE  MIDDLB  OE  TASCClJim  TUITIC 

The  Choroid  cocUfonoB  the  krgest  portioii  €4  the  middle 
coat  of  the  eyebalL  It  lies  immediatdj  iotemaJ  to  tie 
sclerotic,  and  extends  as  far  forward  as  the  ecrp-ns  rTfare^ 
or  anjinlns  albidns,  where  it  forms  the  cCiarj  pfoceases ;  ir 
is  pierced  posterioriy  by  the  oprtic  nerme^  It  has  a  dc>^^ 
black  colour,  ^m  the  nmnefons  pigni£xit  ceZ.s  it  coct^^^, 
and  is  abmidantly  {oorided  with  Uotjd-reaa&I^  acd  nerre^ 
The  Corpus  cQiare,  at  aimiihis  ^Ibidiis,  is  a  grteyL«i:r-wL:te 
ring  which  snrronnds  the  anterior  bender  of  tLe  thaeryA 
close  to  the  jnncti<Mi  of  the  sclerotic  and  <9jmea.  It  ecz:«ina 
of  two  portions — an  external,  the  euiary  st-^^r-V,  wiiiL  Ife* 
next  the  sderotiCy  and  an  internal,  the  ri'iry  f^4X4»tM. 
The  dliaiy  prooesBes,  about  80  in  nxisiber,  are  f cJds  of  tLe 
middle  tnnic  separated  from  each  c^er  bj  farrows  wLich 
extend  forwards  in  the  meridional  dfrection  as  far  as  the 
iris,  and  form  coUectiTelj  a  zone-like  pLu^  frill  aro^md 
the  circmnf erence  of  the  iris.  On  the  ooe  \2zA,  they  are 
oontinaons  with  the  Taaedo-plgaietitary  struct-ires  erf  tt* 
choroid ;  cm  the  other,  with  the  Tiacrilo-pizsz^sntary  szrac- 
tnies  of  the  iris. 

The  Iris  is  a  circiilar,  flattened  dijc-r«laped  diapLra^zv, 
situated  behind  the  eovnea,  in  front  erf  tLe  crystalline  Itas, 
and  bathed  by  the  ^neo^a  h^iziiixs,  £j  ira  omimf accce 
ex*  ciliary  bolder  the  iris  is  not  only  continions  with  the 
ciliary  proeeaaea,  bat  in  cocneeted  by  fLres,  terBed 
ligamemt-tfrn  pedimniwwL,  with  the  {Ksterkrr  eksoc  lar-^a  cc 
the  ooraesL  The  iris  ii  the  strrKtzoe  which  gives  tl» 
charactefistie  eoloar  to  the  eye — bl::e,  grey,  brown,  kiji^ 
as  the  ease  may  be.     It  k  pof r>rated  at,  or  imTnifiittifelT  w 
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THE  MIDDLE  OB  VASCULAB  TUNIC. 

The  Choroid  coat  forms  the  largest  portion  of  the  middle 
coat  of  the  ejeball.  It  lies  immediately  internal  to  the 
sclerotic,  and  extends  as  far  forward  as  the  corpus  dliare, 
or  annulus  albidos,  where  it  forms  the  ciliaiy  processes ;  it 
is  pierced  posteriorly  by  the  optic  nerve.  It  has  a  deep 
black  colour,  from  the  nnmeroos  pigment  cells  it  contains, 
and  is  abundantly  provided  with  blood-vessels  and  nerves. 
The  Corpus  eiiiare,  or  annulus  albidus,  is  a  greyish-white 
ring  which  surrounds  the  anterior  border  of  the  choroid 
close  to  the  junction  of  the  sclerotic  and  cornea.  It  consists 
of  two  portions — an  external,  the  ciliary  muscle^  which  lies 
next  the  sclerotic,  and  an  internal,  the  ciliary  processes. 
The  dliaiy  processes,  about  80  in  number,  are  folds  of  the 
middle  tunic  separated  from  each  other  by  furrows  which 
extend  forwards  in  the  meridional  direction  as  far  as  the 
iris,  and  form  collectively  a  zone-like  plated  frill  around 
the  circumference  of  the  iris.  On  the  one  hand,  they  are 
continuous  with  the  vasculo-pigmentary  structures  of  the 
choroid ;  on  the  other,  with  the  vasculo-pigmentary  struc- 
tures of  the  iris. 

The  Iris  is  a  circular,  flattened  disc-shaped  diaphragm, 
situated  behind  the  cornea,  in  front  of  the  crystalline  lens, 
and  bathed  by  the  aqueous  humour.  By  its  circumference 
or  ciliary  border  the  iris  is  not  only  continuous  with  the 
ciliary  processes,  but  is  connected  by  fibres,  termed 
ligamemhtm  pecHnatum,  with  the  posterior  elastic  lamina  of 
the  cornea.  The  iris  is  the  structure  which  gives  the 
characteristic  colour  to  the  eye — ^blue,  grey,  brown,  hazel, 
as  the  case  may  be.     It  is  perforated  at,  or  immediately  to 
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have  on  their  inner  surface  a  black  pigmentaiy  layer  of 
cells  continuous  with  that  of  the  choroid.  The  vitreont 
layer  is  also  present,  but  according  to  H.  Mfiller  is  no 
longer  smooth  but  reticulated.  The  stroma  does  not  con- 
tain  so  large  a  proportion  of  stellate  pigment  cells  as  in 
the  choroid.  The  arteries  have  been  carefully  studied  by 
Leber;  they  are  the  long  posterior  ciliaiy  branches  of  the 
ophthalmic,  and  the  anterior  ciliary  branches  of  the  muscu- 
lar branches  of  the  ophthalmic.  They  pierce  the  8cleTotic» 
run  forwards,  and  at  the  anterior  border  of  the  cOiaxy 
muscle  form  by  their  anastomoses  the  eircultu  arterumUf 
which  gives  origin  to  the  arteries  for  the  ciliary  processes 
and  the  iris.  The  arteries  for  the  ciliary  prooeaaes  are 
short,  and  divide  into  tortuous  branches,  which  frequoitly 
anastomose,  and  form  highly  complex  vascular  pheamaea^ 
from  which  arise  veins  that  join  the  venie  voitiooaaBu 
Before  the  long  ciliary  arteries  contribute  to  the  f ormatiQii 
of  the  arterial  circle  they  send  branches  to  the  dliaxy 
muscle,  and  recurrent  branches  to  the  anterior  part  of  the 
proper  choroid  coat. 

The  iris  has  its  anterior  surface  covered  by  a  layer  of 
cells  continuous  with  the  epithelium  of  the  aqnaooa 
humour.  This  layer  is  continuous  at  the  pupiUaiy  border 
with  a  thick  layer  of  cells  filled  with  black  pigment  grannies^ 
the  uvea,  which  covers  the  posterior  surface  of  the  im,  and 
at  its  ciliary  border  is  continuous  with  the  pigmentaiy  layer 
of  the  ciliary  processes.  The  connective  tissue  strcana  of 
the  iris  also  contains  stellate  pigment  cells.  The 
in  colour  of  the  iris  in  different  eyes  depend  upon  the 
tribution  and  amount  of  the  pigment  in  the  uvea  and  the 
stellate  cells:  in  dark-coloured  eyes,  both  are  filled  with 
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dark  pigment  granules ;  whilst  in  light-coloured  eyes  the 
■tellata  cells  of  the  stroma  are  either  devoid  of  pigment  or 
onlj  faintly  coloured.    The  iris  contains  numerous  fasciculi 
of  inroluntary  or  non-striped  muscular  fibre  arranged  in 
two  directions.     Circularly  arranged  fibres  surround  the 
aperture  of  the  pupil,  and  form  the  sphincter  muscle,  by 
the  contraction  of  which  the  size  of  the  pupil  is  diminished. 
Smooth  muscular  fibres  also  radiate  from  the  pupillary  to 
the  ciliaiy  border  of  the  iris  and  form  the  dilatator  muscl& 
The  muscular  nature  of  these  fibres  in  the  human  iris  was 
long  disputed,  but  was  satisfactorily  demonstrated  in  1852 
by  Lister.    Jeropheef  has  also  described  circular  fasciculi 
surrounding  the  ciliary  border.    In  birds  and  reptiles  the 
muscular  tissue  of  the  iris  consists  of  transversely  striped 
fibres.     The  arteries  of  the  iris  arise  from  the  diculus 
arteriosus,  and  run  radially  forwards  towards  the  pupil, 
where  they  anastomose  and  form  the  drcuiua  tridis  minor. 
They  possess  relatiyely  thick  external  and  muscular  coats. 
The  capillaries  form  a  plexus  not  so  compact  as  that  of  the 
choroid  coat     The  veins  of  the  iris  end  in  the  vente  vorti- 
00S8BL     In  the  foetus  the  pupil  is  closed  in  by  a  delicate 
membrane,  membrana  pupiUaris^  into  which  the  blood- 
vessels of  the  iris  are  prolonged.    This  membrane  disap* 
pears  by  absorption  during  the  later  months  of  eml»yo  life. 
The  nerves  of  the  middle  coat  of  the  eyeball  are  the  long 
ciliary  branches  of  the  ophthalmic  division  of  the  5th 
and  the  short  ciliary  branches  of  the  ciliary  ganglion. 
They  pierce  the  sclerotic  near  the  optic  nerve,  and  run 
forward  in  the  himina  f usca  of  the  choroid.     They  give  off 
branches  to  the  choroid  which  form  in  it  a  plexus  in 
which  H.  Miiller  found  nerve  cells.     From  this  plexus 
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delicate  branclies  pass  to  the  muscular  coat  of  the  dtoroida] 
arteries.  The  cOiaiy  nerves  then  enter  the  cOiaiyimucIe, 
and  form  plexuses  irith  interspersed  nenre  odls^  from 
which  branches  pass  to  the  muscular  fibres.  Other  branchef^ 
of  the  dliaiy  nerves  enter  the  iris,  and  form  pleioscs^  from 
which  branches  proceed  to  the  muscular  tissne. 


THE  INNEB  OB  NKEVOUS  TUKia 

The  Retina  is  the  delicate  nervous  coat  of  the  eyeball 
which  lies  immediately  internal  to  the  choroid,  and  extends 
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FlfT.  101^— Dla«ninmatle  uitero-poiterior  McHon  tbnmgli  the  raUMi  t«  iftnv 
the  MTcnl  Isyen  which  are  nnmberml  as  In  the  text.  <X  the  ndiel  Wbn%  ef 
the  aapportlDg  ooonectiTe  tiaeoe.    iMod^^fttm  ftftaftnO 

from  the  place  of  entrance  of  the  optic  nerre  as  far  fonrard 
as  the  ciliary  processes,  where  it  f  onus  a  jagged  border,  the 
ara  serratcL  In  the  living  eye  it  is  translucent  and  ool€iiir> 
less,  but  shortly  after  death  it  becomes  grey :  it  is  soft  matd 
so  easily  torn  that  it  is  difficult  to  display  it  in  a  disseelktt 
without  injury.  Its  inner  or  anterior  surface,  ooncam 
forwards,  is  moulded  on  the  vitreous  body,  and  presents 
the  following  appearances : — ^Almost  exactly  in  the  aatcath 
posterior  axis  of  the  eyeball  is  a  transversely  oval  yeiitm 
9potf  about  ^ffth.  inch  in  its  long  diameter,  which  am<m<:st 
mammals  is  found  only  in  man  and  apes,  though,  as  Koox 
and  Hulke  have  shown,  it  exists  in  reptiles ;  in  the  cent2« 
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•f'  tins  spot  Is  a  depreBBioiiy  ihe  fovea  centrdlU  ;  aboat  ^tli 
inch  to  the  inner  aide  of  the  yellow  apot  is  a  slight  elevation, 
the  papula  optica^  which  marks  the  disc-like  entrance  of 
the  aptie  n/erve  into  the  retina ;  here  the  fibres  of  the  nerve 
radiate  ontwards  and  fomards  to  the  ora  serrata,  and 
branches  of  the  arteria  cetUrdUa  reHmas  accompany  then. 

The  retina  is  highly  complex  in  structure,  and  consists 
of  nerve  fibres  and  cells,  of  peripheral  end-organs,  of  con- 
nective tissue,  and  of  blood-vessels,  arranged  in  several 
layers.  Max  Schnltze,  the  chief  authority  on  the  sub- 
ject, recognised  ten  layers,  but  included  among  these  the 
layer  of  hexagonal  pigment  cells  jnst  described  as  the  inner 
pigmentary  layer  of  the  choroid.  If  this  layer  be  omitteu, 
nine  layers  may  then  be  recognised,  and,  following  Schultze, 
be  named  from  before  backwards  as  follows: — 1.  Mem- 
brana  limitans  interna;  2.  Layer  of  optic  nerve  fibres ;  3. 
Layer  of  ganglion  cells ;  4.  Internal  granulated  (molecular) 
layer;  5.  Internal  granule  layer;  6.  External  granulated 
layer ;  7.  External  granule  layer ;  8.  Membrana  limitans 
externa ;  9.  Bacillary  layer  (Fig.  101). 

The  nervous  elements  of  the  retina  will  first  be  con- 
sidered. The  apiic  nerve  JibteM  (2),  where  they  pierce  the 
ttderotie,  as  a  rule  lose  the  medullaiy  sheath,  and  radiate 
outwards  from  the  optic  disc  to  the  ora  serrata  as  non-medul- 
lated  fibres  immediately  behind  and  parallel  to  the  mem- 
brana limitans  interna.  These  fibres  vary  greatly  in  size, 
and  are  f  requentiy  varicose.  When  any  of  the  optic  nerve 
fibres  retain  the  medullaiy  sheath  the  retina  is  there  ren- 
dered opaque.  Immediately  behind  the  nerve  fibres  is  the 
iayer  of  ganglionic  nerve  eelU  (3).  These  cells  are  either  bi- 
polar or  mnltipoUt     In  the  living  eye  the  cell  substance 
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IB  hyaline  and  the  nndena  trani^Muent^  but  after  death  tb# 
aobstance  both  of  the  body  of  the  cell  and  the  'ptoeeum 
assomes  a  fibiiUated  i^peaianoe,  like  the  axial  ^linder  ef 
an  optic  nerve  Sbn.    One  proooBSy  the  central  prooen, 
extends  into  the  layer  ol  optic  nerre  fibres ;  and  another, 
the  peripheral,  into  the  internal  granulated  layer.     The 
imiemal  grantdated  layer  (4)  contains  the  branching  pro- 
cesses  of  the  nerve  cellsy  some  of  which  apparently  beoMne 
continuous  with  an  arrangement  of  excessively  fine  fibrils, 
probably  nervous  in  their  nature.     These  fibrils  are  inter* 
mingled  with  a  delicate  plexus  of  connective  tissue.     The 
itUemal  gramde  layer  (5)  contains  numerous  fusiform 
nucleated  enlargements,  the  so-called  internal  granules, 
arranged    in  superimposed  strata;    from  each  fusifona 
enlargement  a  fibre  proceeds  in  two  directions,  one  centrally 
into  the  internal  granalated  layer,  and  one  peripherally  Into 
the  external  granulated  layer.     These  fibres  possesa  vari- 
cosities,  and  resemble  the  optic  nerve  fibres.     The  eacUrmai 
granulated  layer  (6)  is  very  thin,  and  consists  of  an  ez> 
panded  network  of  minute  fibres,  with  nuclei  situated  at 
the  points  of  intersection  of  the  filxes.     Kranse  haa  called 
it  the  membrana  fenettraia.     The  external  grannie  iaper 
(7)  contains  numerous  fusiform  nucleated  enlaigements* 
the  so-called  external  granules,  arranged  in  superimpoaed 
strata:  from  each  enlargement  a  fibre  proceeds  in  twY> 
directions,  one  centrally  into  the  external  granulated  Imyvr, 
and  one  peripherally  through  the  membrana  limitana  externa 
to  the  bacillary  layer,  where  it  becomes  continnona  with 
the  anterior  end  of  either  a  rod  or  a  cone,  as  the  case  may 
be.    Hence  these  fibres  of  the  external  granule  layer 
called  by  Schultae  rod  and  cone  fibres,  and  the 
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granules  are  nucleated  enlaigements  of  these  fibres.  These 
fibres  possess  Taiioosities  like  those  of  the  internal  granule 
layer. 

The  bacUlary  layer  (9)  or  membrane  of  Jacob  consists 
of  multitudes  of  elongated  bodies  arranged  side  by  side 
like  rows  of  palisades,  and  vertically  to  the  surfaces  of 
the  retina.  Some  of  these  bodies  are  (^lindrical,  and  are 
named  the  rodt  of  the  retina ;  others  are  flask-shaped,  and 
named  the  coms  of  the  retina :  the  rods  equal  in  length 
the  entire  thickness  of  the  badllary  layer ;  the  cones  are 
shorter  than  the  rods,  and  are  interspersed  at  regular 
intervals  between  them ;  the  apex  of  each  cone  \&  directed 
towards,  but  does  not  reach,  the  plane  of  the  posterior  or 
choroidal  surface  of  the  retina.  The  posterior  or  outer  end 
of  each  rod  rests  against  the  pigmentary  layer  of  the  choroid. 
The  anterior  or  inner  ends  of  both  rods  and  cones  are  con> 
tinuous  with  the  rod  and  cone  fibres  of  the  external  granule 
layer,  as  already  described.  Each  rod  and  cone  is  subr 
divided  into  an  outer  strongly  refractile  and  an  inner  feebly 
refractile  segment  By  the  action  of  various  reagents  th0 
outer  segments  both  of  the  rods  and  cones  exhibit  a  trans* 
verse  striation,  and  ultimately  break  up  into  discs.  Hensen 
has  described  a  longitudinal  striation  in  the  outer  segments^ 
and  Bitter  has  stated  that  both  in  the  outer  and  innes 
segments  of  the  rods  an  axial  fibre  exists.  Max  Schultza 
has  also  seen  the  inner  segments  of  both  rods  and  cones 
kmgitudinally  striped  on  the  surface.  Ewart  has  traced  a 
varicose  fibrilla,  which  he  believes  to  be  nervous,  from  the 
external  granule  layer  into  the  inner  segment  of  a  cone  (Fig. 
102).  Modifications  in  the  relative  numbers  and  appear- 
ances of  the  rods  and  cones  have  been  seen  in  the  eyes  of 
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TariooB   vertebrata.      In  birds,  for  example,  the    eones 
are   mucb    more  numerous  than    the  rods,   whilst  the 

reverse  is  the  case  in  mammalB  gene- 
rally. In  the  cartilaginoiiB  fishes  the 
cones  are  entirely  absent ;  so  also, 
as  Schnltze  has  shown,  in  the  bat, 
hedge-hog,  and  mole ;  whilst  in 
'^Th:2"';1.^y2? ^ptaeB  the  bacfll«y  layer  i»  ewhi. 
S;S«K*.SSSi,l!i?:^-  dvely  oompoaed   of  cones.      In  aU 

eose  tllyrllU,  which  It  pro-  .1         .  -i       .  _^  xi^  ir 

longed  Into  the  Inner  aeff-  tne  Terteorata,  oxcept  tiie  mammana, 

ment;  «,  lenticular  body  ,t.     .     .  j      i_i  j  •!.   j  i_ 

At  juncttonoftheonterand  the  twin  Or  aouDle  cones  aeflcnt)ea  by 

Inner  legment;  8,  mem-  i_  vi  -.^         t       x»_ 

hrana  iimitant  externa.  Hannover  probably  exist.      In  the 

(trom  Etcart) 

amphibia  and  some  biros  (rig.  102)» 
lens-shaped  bodies  haye  been  described  in  the  inner  te^ 
ments  of  the  cones.     The  rods  and  cones  are  the  peripheral 
end-organs  in  connection  with  the  fibres  ci  the  optic  nerre, 
and  their  apparent  relation  to  these  fibres  is  as  follows : — 
The  optic  nerve  fibres  are  continuous  with  the  central  prcw 
cesses  of  the  ganglion  cells  of  the  retina,  the  peripheral 
branching  processes  of  whidi  pass  into  the  internal  graau- 
lated  layer,  where  they  may  possibly  become  c(»itinnoiiB  with 
the  central  processes  of  the  inner  granular  layer.     The  p^- 
pheral  processes  of  the  inner  granular  layer  enter  the  extemal 
granulated  layer,  but  it  is  difficult  to  say  whether  or  not  titer 
become  continuous  with  the  central  processes  of  that  layer. 
There  can,  however,  be  no  doubt  that  the  peripheral 
of  this  layer  are  directly  continuous  with  the  rods  and 
of  the  badllary  layer.     The  entire  arrangement  is 
called  the  radial  nervous  fibres  of  the  retina. 

In  addition  to  the  nervous  structures  just  described,  the 
tina  contains  a  delicate  supporting  connective  tiasne  K^* 
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Hbx  Denro^ia  of  the  bnua  and  spinal  cord.  Not  only  does 
it  lie  between  the  fibres,  cells,  and  so-called  gnmulee  in  the 
several  nnrons  layere,  and  form  in  them  a  radial  arrasge- 
ment  of  supporting  fibres,  but  it  conotitutea  the  two  limitaiy 
membranes  of  the  retina.  The  mtmttrana  Hmitan*  externa 
(8)  ia  ezceesiTeljr  thin,  and  appears  in  vertical  sections 
through  the  retina  as  a  mere  line  between  the  beciUaiy  and 
oztemal  granular  layers,  continuous  on  the  one  hand  witli 
the  connective  tisane  which  passes  for  a  short  distance  be- 
tween the  rods  and  cones,  and  on  the  other  with  the  connec- 
tive  tissue  frameworkof  the  external  granule  layer(Fig.  101). 
The  mtn^troHa  limitant  inUma  (1)  cotbtb  the  anterior 
surface  of  the  retina,  and  lies  next  the 
vitreous  body ;  its  posterior  surface  f ,  Ov  ,'  C  ■ 
blends  with  the  radial  arrangement  of  Jl  '^^^^^^ 
connective  tissue  between  the  optic  ''$y'|fc^:/ 
nerve  fibres,  but  its  anterior  or  hyaloid  ^^ 
surface,  as  J.  C.  Ewart  has  recentiy  Stoii"or^il«' 2ie^ 
shown,  poBsesaes  a  mosaic  appearance,  W*^™*""") 
due  to  the  presence  of  a  layer  of  fiat  epithelial  cells. 

1^0  ydlow  »pot  exhibits  some  stroctoral  differences  from 
the  rest  of  the  retina.  It  owes  its  colour  to  the  presence 
of  yellow  pigment  deposited  in  the  more  anterior  layers  of 
the  retina.  Except  at  ita  central  depression,  the  fifeea 
centralit,  it  is  thicker  than  the  surrounding  parts  of  the 
retina  ;  but  it  is  much  softer,  a  condition  which  is  due  to 
tiie  almost  complete  absence  of  the  layer  of  optic  nerve 
fibres,  and  a  diminution  in  the  amount  of  the  supporting  con- 
nective tissue  j  the  membrana  limitans  interna  is,  however, 
relatively  stronger.  In  the  fovea  centralis  itself  the  rods  of 
the   bacillaiy  layer  have  entirely  disappeared,   and  are 
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replaced  by  cones  which  aie  distinguished  by  their  dose 
arrangement,  and  the  more  slender  form  and  increased 
lengthy  especially  of  their  outer  segments.  The  eztemai 
granule  layer  is  well  marked,  and  the  central  fibres  bdong- 
ing  to  it,  instead  of  passing  vertically  forwards,  incline  Tery 
obliquely  or  almost  horizontally  outwards  to  the  internal 
granule  layer,  which,  together  with  the  layers  anterior  to  it, 
is  so  thin  as  almost  to  have  disappeared*  In  the  yellow  spot 
surrounding  the  f  oyea,  the  badllary  layer  is  also  composed 
of  cones  which  are  not,  however,  so  slender  or  so  long  as 
at  the  fovea  itself.  The  layer  of  nerve  cells  and  the  inner 
part  of  the  eztemai  granule  layer  are  thicker  than  in  the 
rest  of  the  retina.  The  yellow  spot  is  the  part  of  the 
retina  most  sensitive  to  light 

At  the  am  serrcUa  or  anterior  border  of  the  retina  th* 
nervous  layers,  including  the  rods  and  cones,  cease  to 
exist  The  radial  connective  tissue  and  internal  limiting 
membrana  are  present ;  from  the  radial  tissue  a  layer  of 
cells  is  prolonged  forward  in  contact  with  the  deep  suifaoe 
of  the  ciliary  processes  as  the  part  ciliaris  retinaf. 

The  retina  is  supplied  with  blood  by  the  arteria  centralis^ 
which,  traversing  the  axis  of  the  optic  nerve,  reaches  the 
retina  at  the  optic  disc.  In  the  retina  it  branches  dicho- 
tomously  in  the  nerve  fibre  layer,  avoiding  however  the 
yellow  spot,  and  its  tenninal  twigs  reach  the  ora  senate^ 
The  capillaries  form  in  the  more  anterior  layers  of  the 
retina  a  distinct  network,  which  does  not  enter  the  eztemai 
granule  and  bacillaiy  layers,  but  penetrates  the  yellow 
spot,  though  not  the  fovea  centralis.  The  blood  is  conveyed 
from  the  retina  by  the  central  vein  which  accompaniea  the 
artery  in  the  optic  nerve,  and  opens  either   into    the 
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ophdialmic  Tein  or  directly  into  the  cayemons  sinus.  The 
veins  and  capillaries  of  the  retina  have  been  described  by 
His  as  completely  invested  by  periTascnlar  lymphatic 
sheaths^  whilst  the  arteries  only  possess  such  sheaths  for  a 
limited  part  of  their  course.  These  lymphatics  leave  the 
eyeball  along  with  the  bundles  of  the  optic  nerve  through 
the  lamina  cribroea  in  the  sderotia 

The  Optie  Nerve  itself  passes  from  the  orbit  through  the 
optic  foramen  into  the  cranial  cavity,  where  it  arises  from 
the  opiie  commiMwre,  This  conmiissnre  is  a  flattened  band 
f  onned  by  the  junction  of  the  two  optiic  tracts.  Each  tract 
winds  backwards  at  the  outer  side  of  the  tuber  dnereum  and 
cms  cerebri  to  arise  from  the  optic  thalamuBi  corpora  quad- 
rigemina  and  geniculata;  some  observers  also  state  that 
it  derives  fibres  from  the  tuber  dnereum  and  lamina  cinerea. 
In  the  oonunissure  an  interchange  takes  place  between  the 
fibies  of  opposite  nerves  and  tracts,  so  that  not  only  does 
an  optic  nerve  contain  fibres  derived  from  the  tract  on  its 
own  side,  but  from  the  opposite  tract,  and  it  has  even  been 
stated  that  fibres  pass  across  the  commissure  from  one  optic 
nerve  to  the  other,  and  from  one  optic  tract  to  the  other. 

THE  BEFRACnXO  MEDIA* 

The  Aqueous  Humour  is  a  limpid  wateiy  fluid,  containing 
a  little  common  salt  in  solution,  which  occupies  the  space 
between  the  cornea  and  the  front  of  the  ciystalline  lens. 
In  this  space  the  iris  lies,  and  imperfectly  divides  it  into 
two  chambers,  an  anterior  and  a  posterior,  which  commu- 
nicate with  each  other  through  the  pupiL  The  anterior 
cfaambeTy  of  some  size,  is  situated  between  the  iris  and 
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cornea ;  bat  as  the  iris  is  in  contact  witli  the  front  of  the 
lens,  the  posterior  chamber  is  reduced  to  a  mere  chink 
between  the  circumference  of  the  iiis  and  that  of  the  lena 
The  CryttaUine  Lens  is  situated  behind  the  ins  and 
pupil,  and  in  front  of  the  vitreous  body.  It  is  a  trans- 
parent bi-conyex  lens,  with  its  antero-posterior diameter^ 
less  than  the  transverse,  its  posterior  surface  more  convex 
than  the  anterior,  and  with  its  circumference  rounded.  It 
consists  of  a  capsule,  which  encloses  the  body  of  the  lens. 
The  lens  capsule  is  a  transparent,  smooth,  structurelen, 
and  very  elastic  membrane,  about  twice  as  thick  on  the 
anterior  as  on  the  posterior  surface  of  the  lens.  It  is 
non-vascular  in  the  adult,  though  in  the  f  cetus  a  branch 
of  the  central  artery  of  the  retina,  which  traverses  the 
vitreous  humour,  ramifies  in  its  posterior  portion.  A 
single  layer  of  polygonal  cells  lies  between  the  body  of  the 
lens  and  the  anterior  portion  of  the  capsule.  The  Urns  bodf 
is  softer  at  its  periphery  than  in  its  centre.  It  is  bnflt  up 
of  concentric  layers,  and  on  both  the  anterior  and  poatmir 
surfaces  lines  are  to  be  seen  radiating  from  the  central  pole 
of  each  surface  towards  the  circumference  of  the  bodjr. 
The  radiated  pattern  varies  in  different  animals.  In  the 
human  foetus  there  are  usually  three  lines,  but  in  the  aduh 
they  are  more  numerous.  The  lines  on  one  surface  do  not 
lie  immediately  opposite  those  on  the  other,  but  are  inter- 
mediate.  By  the  action  of  strong  spirit  and  other  reagents 
the  body  of  the  lens  can  be  split  up  from  the  periphery 
Inwards  the  centre  in  the  direction  of  these  lines,  so  that 
they  mark  the  edges  of  apposition  of  its  concentric  Iftmiw^ 
Each  lamina  consists  of  numerous  hexagonal  fibres  about 
z  oW^^  ^^  wide,  which  extend  from  one  surface  to  the 
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other  over  the  drcamference  of  the  lens,  so  that  a  fibre 
which  begins  at  the  polar  end  of  a  radius  on  the  one  surface 
terminates  at  the  circumferential  end  of  a  radius  on  the 
opposite.  The  edges  of  the  fibres  are  sinuous  in  man,  but 
denticulated  in  many  animak,  especially  fishes,  so  that  the 
fibres,  not  only  in  the  same,  but  in  superimposed  layers, 
are  closely  interlocked.  The  lens  fibres  are  nucleated,  a 
structural  fact  which  gives  a  due  to  their  true  nature,  and 
they  are  now  regarded  as  peculiarly  modified  elongated 
cells.  Babuchin  states  that  he  can  trace  the  transition  from 
the  cells  of  the  layer  between  the  lens-body  and  capsule 
to  the  proper  lens  fibres.  The  lens-body  is  non-vascular 
and  non-nervous.  The  surfaces  of  the  lens  become  more 
flattened  in  old  age,  and  its  substance  hardens  and  is  less 
transparent 

The  Vitreous  Body  is  much  the  largest  of  the  refracting 
media,  and  occupies  the  largest  part  of  the  space  enclosed 
by  the  tunics.  Anteriorly  it  is  hollowed  out  to  receive 
the  posterior  convexity  of  the  lens,  but  posteriorly  it  is 
convex,  and  the  retina  is  moulded  on  it.  It  is  as  tj^s- 
luoent  as  glass,  jelly-like  in  consistency,  and  when  punctured 
a  watery  fluid  drains  out.  Its  minute  structure  is  difficult 
to  ascertain,  but  as  it,  like  the  subcutaneous  tissue  of  the 
embiyo,  contains  rounded,  stellate,  and  fusiform  cells,  it  is 
customaiy  to  refer  it  to  the  gelatinous  form  of  connective 
tissue;  concentric  lamellae,  and  even  a  radiated  arrangement 
of  fibres,  have  also  been  described.  By  some  observers  the 
vitreous  humour  has  been  considered  to  be  invested  by  a 
delicate  structureless  membrane,  the  hyaloid  membrafu ; 
but  by  others  this  membrane  is  regarded  as  belonging  to 
the  retina,  where  it  forms  the  memhrana  litnitans  interna. 
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sclerotic  alongnde  the  veiiis,  and  commanicate  with  the 
space  of  Tenon  which  lies  between  the  exterior  of  the  eye- 
ball and  its  inyesting  tonic  of  fascia.  The  lymph  fonned 
in  the  iris  and  ciliary  processes  is  believed  to  be  poured 
into  the  anterior  chamber,  and  from  it  into  the  canal  of 
Schlemm;  also  into  the  anterior  chamber  the  canal  of 
Petit,  which  is  believed  to  be  a  lymph-space,  opens,  by  a 
series  of  fissures  in  the  zonule  of  Zinn. 

The  Eyeball  is  an  optical  instrument,  constructed  on  the 

plan  of  the  camera  obscura.    The  sclerotic  forms  the  wall  of 

the  chamber.    The  choroid  represents  the  black  lining  for 

absorbing  the  surplus  rays  of  light.     The  cornea,  aqueous 

humour,   lens,  and  vitreous   body  are   the  translucent 

refracting  media  which,  like  the  glass  lens  of  the  camera 

obseuray  bring  the  rays  of  light  to  a  focus.     The  retina  is 

the  sensitive  plate  on  which  the  optical  picture  is  thrown. 

In  considering  the  relation  of  the  retina  to  the  visual  rays, 

it  must  be  kept  in  mind  that  the  place  of  entrance  of 

the  optic  nerve  is  insensible  to  light,  and  that  the  most 

sensitive  part  of  the  retina  is  the  yellow  spot,  with  its 

fovea  centralis,  where  the  optic  nerve  fibres  are  absent,  but 

where  the  badllary  layer  reaches  its  maximum  size.     It  is 

clear,  therefore,  that  the  rods  and  cones  of  this  layer,  and 

not  the  optic  nerve  fibres,  are  the  structures  in  the  retina 

which  are  stimulated  by  the  light ;  and  it  is  probable,  as 

was  suggested  many  years  ago  by  (}oodsir,  that  these  rods 

and  cones  are  impressed  by  the  light,  not  as  it  enters  the  eye 

directly,  but  as  it  is  reflected  backwards  from  the  choroid 

ooat  along  their  axes.    The  iris  is  the  diaphragm  which, 

by  opening  or  closing  the  pupil,  admits  or  cuts  off  the 

rays  of  light    The  dliaiy  muscle  represents  the  adjusting 
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^  between  the  lens  and  the  retina,  and  forma  the  vitreous 
humour,  and  perhaps  the  capsule  of  the  lens.  This  fissure 
then  closes  up  so  that  the  connection  between  the  vitreous 
humour  and  the  surrounding  mesoblast  is  severed.  The 
mesoblast  immediately  surrounding  the  optic  vesicle  then 
differentiates  into  the  vascular  and  connective  tissue 
structures  of  the  choroid  and  ciliary  processes ;  into  the 
tissues  of  the  iris  and  ciliary  musde,  and  into  the  sclerotic 
coat.  The  sclerotic  is  continuous  in  front  with  the  meso- 
blast, out  of  which  the  cornea  is  formed,  so  as  to  complete 
the  external  tunic  of  the  eyeball, 

AccBSSOBT  Parts  to  the  Eyeball. 

In  relation  to  the  eyeball  several  accessory  parts  are 
found. 

The  Eye-Brows  are  projections  of  the  integument,  from 
which  short,  stiff  hairs  grow. 
The  Eye-Lids,  or  palpebrcBj  are  two  movable  curtains, 
^     m  upper  and  a  lower,  which  protect  the  front  of  the  globe. 
.-    Between  each  pair  of  lids  is  a  horizontal  fissure,  the  palpe- 
■  bral fissure.    From  the  free  margins  of  the  two  lids  project 
^  'diort  hairs,  the  eye-lcukes  or  cilia;  the  upper  set  curve 
lownwards  and  forwards,  the  lower  set  upwards  and  for- 
"  ^raids;  they  also  protect  the  front  of  the  globe.    Each  eye- 
-  id  consists  externally  of  skin,  immediately  beneath  which 
'^' lie  the  fibres  of  the  orbicular  sphiwster  muscle;  a  thin 
-  .  olate  of  fibro-cartilage,  the  tarsal  cartHage,  lies  beneath 
,^^  3ie  sphincter ;  to  the  inner  end  of  this  cartilage  a  fibrous 
*  Dand,  the  tendo  palpebrarum^  is  attached,  which  springs 
-Tom  the  ascending  process  of  the  superior  maxilla;  into  the 
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Hi-n-w  of  i1k'  c'limcra  ;  through  its  attachment  to  the  cii^a-y 
pnx'cs.Hcs  and  their  relation  to  the  suspensory  lig-c^ment  *  * 
the  IciiM,  it.  is  ahlo  to  act  upon  the  lens  and  modify  the 
rnrvalnre  of  its  anterior  surface  ;  for  when  the  eye  is  to  V'e 
nceimiiinulaleil  to  the  vision  of  near  objects  the  antericr 
Hurfare  «»f  the  h'hs  heeomes  more  convex  than  when  distar.* 
ohjeets  are  heinii;  examined. 

It  has  already  l»oen  stated  on  p.  213  that  the  retina  is 
the  expanded  distal  part  of  ihv  jtri ma ri/  optic  iHslde,  which 
^n)\vs  toiwards  towards  th.e  sui)erficial  epiblast  covering  of 
the  einUryo  lujul.  \\y  the  thickening  and  involution  of  the 
epildast  snperlicial  to  tlie  vesicle  a  hollow  is  produced  in  the 
front  of  the  vesicle,  which  gradually  deepening  forms  a  cu|> 
or  ptM'lvet,  the  stm/h/itri/  <>/)(fr  rt'sirh',  in  which  the  involuted 
part  oi  the  epi blast  is  lodged.  This  pocket  has  double 
walls,  an  anterior  and  a  posterior,  the  former  of  which 
b(U'oni(vs  the  retina,  the  latter  the  layer  of  hexagonal 
choroidal  pigment.  The  cavity  between  these  w^alls, origin- 
ally continuous  thn»ugh  the  canal  in  the  optic  nerve  \Mth  the 
ea\ity  in  the  henusphero.  becomes  obliterated,  so  that  the 
retina  anil  einaoidal  pigment  C(>me  into  contact  "»viLii  each 
i>ther.  The  ]»art  oi  the  epiblast  lodgeii  in  the  pocket 
se\eis  its  eonuectiou  with  the  suporticial  epiblast,  ami 
forms  the  er\stalliMe  lens.  It  becomes  closed  in  in  front 
bv  a  L;n»wth  su)»erticial  to  it,  both  of  mesoblast  and 
cpibl.ist  ;  the  mesi»blast  layer  forms  the  cornea,  whilst  the 
snperlicial  epibli«<t  layer  forms  the  anterior  epithelium  of 
tlic  I'ornea,  or  conjunctival  epithelium.  Through  a  want 
of  uniformitv  in  the  growth  oi  the  wall  of  the  secondarv 
optic  voiele.  a  tissurc.  called  the  </.  ^ruiii jissure^  exists 
on  iti>  uuiler  surface,  through  which  the  mesoblast  pa.S5.<.i« 
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between  the  lena  and  the  retma,  and  forms  the  Titreons 
fanmonr,  and  perhaps  the  capenle  of  the  lens.  This  fissnre 
then  doses  up  so  that  the  connection  between  the  vitreons 
hnmonr  and  the  sonoonding  mesoblast  is  severed.  The 
mesoUast  immediately  surrounding  the  optic  vesicle  then 
differentiates  into  the  vascular  and  connective  tissue 
structures  of  the  choroid  and  ciliary  processes ;  into  the 
tissues  of  the  iris  and  dliaiy  muscle,  and  into  the  sclerotic 
coat  The  sclerotic  is  continuous  in  front  with  the  meso- 
blast, out  of  which  the  cornea  is  formed,  so  as  to  complete 
the  external  tunic  of  the  eyebalL 

AocBssoBT  Farts  to  the  Eyeball. 

In  relation  to  the  eyeball  several  accessory  parts  are 
found. 

The  Bye-Brmn  aro  projections  of  the  integument,  from 
which  short,  stiff  hairs  grow. 

The  Eye-Lids f  or  palpebr<B^  are  two  movable  curtains, 
an  upper  and  a  lower,  which  protect  the  front  of  the  globe. 
Between  each  pair  of  lids  is  a  horizontal  fissure,  the  palpe- 
bral fitmtrt.  From  the  freemargins  of  the  two  lids  project 
short  hairs,  the  eye-Uukea  or  cilia;  the  upper  set  curve 
downwards  and  forwards,  the  lower  set  upwards  and  for- 
wards; they  also  protect  the  front  of  the  globe.  Each  eye- 
lid consists  externally  of  skin,  immediately  beneath  which 
aie  the  fibres  of  the  orbicular  iphincUr  muscle;  a  thin 
plate  of  fibro^artilage,  the  tarsal  cartilage^  lies  beneath 
Che  sphincter;  to  the  inner  end  of  this  cartilage  a  fibrous 
band,  the  tendo  palpdnxmim,  is  attached,  which  springs 
fram  the  ascending  process  of  the  superior  maxilla;  into  the 
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cartila^-e  in  the  ir,'T>er  cve-lid  the  tendon  of  the  levator 
palptjl'ne  i?u[»criuri:>  is  in>erted.  Lining  the  inner  surface 
of  the  cve-Iid  i^  the  rjnjrnd'.vi.  Between  the  conjunctiva 
and  the  tarsal  cartiLiu'e  is  a  Liver  of  ijlands,  the  Mtihomian 
ij!'tii'J.< :  each  irlaiid  consists  of  a  short  duct,  which  expands 
at  its  >ides  into  small  sacouli.  The  sacculi  contain  short 
eoluiunar  cell>  :  the:-e  secrete  a  sebaceous  material,  which 
e^icai»e.>  tliroiuh  the  oritlco  of  the  duct  at  the  border  of  the 
eve-lid.  and  by  L:rea>ing  the  edge  of  the  eye-lid  prevents  the 
(tverllow  of  the  tears.  exce}»t  when  lachryniation  is  profuse. 

The  (''//'/'/ //'^^V.r  is  a  mucous  membrane,  which  forms  the 
jH^stcrior  layer  of  the  eye-lid,  and  is  reflected  on  to  the 
anterior  part  of  the  .'-clerotie-.  At  the  inner  angle  of  junc- 
tion of  the  eve-lids  is  a  soft  reddish  elevation  of  the 
C(^njunctiva,  the  curnn'-filn  Ivhri/mnlis,  and  immediately 
external  to  it  is  a  vertical  fold,  the  jdim  semilunaris,  the 
rudiment  nt  the  third  eye-lid,  or  mrmhrana  nirliUins,  so 
Well  develnpeil  in  birds.  TJie  palpebral  conjunctiva  has 
small  papilhe  ^5cattered  over  its  surface ;  its  epithelium  is 
^tratitied.  with  scalv  cell.->  on  the  free  surface  and  eloniiated 
cells  in  the  deepest  layer.  In  the  sub-epithelial  tissue  are 
small  branched  mucous  ulands,  which  are  numerous  in  the 
caruncula.  Little  masses  of  adenoid  tissue  (p.  L14)  with 
lyinj'hatic  vessels  are  also  found  in  it,  and  the  conjunctiva 
of  the  fnmt  of  the  eyeball  is  thinner  than  the  palpebral  part. 
It  is  not  glandtilar,  and  its  nerves  terminate  in  end-bulhsi 
(p,  205).  The  pal[>ebral  conjunctiva,  and  in  part  that  of 
the  eyeball,  receive  their  blood-vessels  from  those  of  the 
eye-lids,  but  the  portion  of  the  conjunctiva  next  the  cornea 
is  supplieil  l)y  the  arteries  of  the  sclerotic  coat. 

The  L'trltrijin'i!  A}>paratus  is  engaged  in  the  secretion 
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of  the  toan,  and  in  ctmTeying  tliem  away  from  the  front 

of  the  globe.     The  laekrfmcU  gUutd  occupies  a  deprea- 

uon  in  the  outer 

part  of  the  roof  of 

the  orbit     It  u 

SQUiUer  tj**"    an 

almond,    is   snb- 

divided  into  lob-  ■ 

alee,  and  belongs  ' 

to  the    groap  of 

compound     nce- 

mOM  glanda.      It 

consists    of    the 

mnificationA     of 

abort  dncta,  which  ~ 

titrminntA  in  i«Inii,  '"■  IM.—LBChrrml  aniU  *od 

wnmaaie  in  em»-    niii«d»i»iiiii».  imehiTmai  anaii 

t«8  of  smaU   sac-      '"='''7=^  ■«' ••'«'«T™ld»=t<  ^.u^oi^ruMry 

colL  The  wall  of  each  aacculos  conaiata  of  a  ddicate 
membrsna  propria,  and  the  cavity  containa  the  poljhedial 
secreting  cells.  Ontside  the  membrana  propria  is  a 
capillary  network  derived  from  the  lachrymal  artery,  but 
Oiannnzsi  and  Boll  have  recently  described  a  space  between 
thiB  network  and  the  membrana  propria  which  they  believe 
to  be  oontinuoDB  with  the  lymphatic  system.  PflOger  has 
described  nerres  as  terminating  in  connection  with  the 
secretiog  cells.  The  excretory  ducts  of  the  gland  are  from 
six  to  eight  in  nomber,  and  open  on  the  back  of  the  upper 
eye-lid,  and  the  tears  are  washed  over  the  surface  of  the  globe 
by  the  involnntary  winking  of  this  lid.  When  the  secre- 
tion is  increased  in  quantity,  in  the  act  of  crying,  the  tears 
flow  over  the  cheek,  but  in  ordinary  circumstancee  they  are 
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conveyed  away  by  two  sItuJer  tubes,  the  lachrtimal  mb.t.V. 
which  (ij'en  by  minute  orifices,  the /lunrta  hchrymalia.  pce 
at  the  inuer  etitl  of  the  free  border  of  each  eye-lid.  Thtr.-e 
t:iUs  ojiou  at  thiir  ojppusite  ends  into  a  small  reserruir, 
the  ('Hiryianl  cf,  situated  in  a  hollow  m  the  lachrymal 
1">iic.  Froui  this  !^ac  a  duct,  the  khshI  or  lachrymal  dun, 
].roci;eds  which  oiicns  into  the  inferior  meatus  of  the  nose, 
iiiid  here  the  tcara  mingle  with  the  muo 
that  cavity. 


J/i(>«-le«  of  Of-  £ii,-lnitL— The  sclurotic  coat  of  the  eyeball 
Ii^is  six  muKcles  inserted  into  it.  Four  of  the  muscles  are 
calieil  i;ri/\  and  are  situated,  one  sujierior,  one  inferior,  one 
iMernal,  anollier  internal  to  tJie  glul«.  Thoy  all  arise 
fioLLL  the  rim  of  bone  nhicli  bounds  the  ojitic  foramen  ;  the 
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external  and  internal  muscles  are  inserted  vertically  into  the 
sides  of  the  sclerotic,  but  the  superior  and  inferior  recti 
have  oblique  insertions  into  its  upper  and  lower  aspects. 
The  other  two  muscles  are  called  Miqui.  The  superior 
oblique  arises  along  with  the  reed,  passes  to  the  inner  end 
of  the  upper  border  of  the  orbit,  where  its  tendon  goes 
through  a  pulley,  and  is  directed  backwards  and  out- 
wards, to  be  inserted,  between  the  superior  and  external 
recti,  obliquely  into  the  upper  and  outer  part  of  the 
sclerotic.  The  inferior  oblique  arises  from  the  lower 
border  of  the  orbit,  passes  outwards  and  upwards  to  be 
inserted,  dose  to  the  superior  oblique,  obliquely  into  the 
sclerotic.  These  muscles  roll  the  eyeball  in  the  orbit,  and, 
without  entering  into  a  minute  analysis  of  their  actions, 
their  office  may  be  stated  generally  as  follows : — ^The 
internal  rectus  roUs  it  inwards,  the  external  outwards, 
about  its  vertical  axis ;  the  superior  rectus  roUs  it  upwards, 
the  inferior  downwards,  about  its  transverse  horizontal  axis, 
though  from  the  obliquity  of  their  insertions  they  give  it 
at  the  same  time  a  slight  inward  or  outward  movement  as 
the  case  may  be ;  the  superior  and  inferior  oblique  roll  the 
globe  about  its  antero-posterior  or  sagittal  axis,  the  superior 
upwards  and  outwards,  theinferior  downwards  and  outwards. 
Perioiteal  Mu$cU  of  the  Orbit. — ^The  periosteum  of  the 
orbit  contains,  as  H.  Muller  and  I  have  described,  a  layer 
of  non*6triped  muscular  fibre  in  the  part  which  covers 
over  the  sj^eno-nuudllary  fissure.  In  man  it  is  rudimen- 
tary, but  in  the  sheep,  deer,  elephant,  &c,^  where  the 
oaseous  wall  of  the  orbit  is  deficient,  this  muscle  forms  a 
well-defined  structure.  It  has  been  suggested  that  it  acts 
98  a  protractor  muscle  of  the  globa 
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The  Eab. 


The  Eas,  or  organ  of  hearing,  is  a  oomplez  ncaastie  sp- 
paratus,  situated  in  connection  with  the  temporal  bona 
It  IS  divided  into  three  parts,  named  eztemaly  middle,  and 
internal  ear. 

EXT3EBNAL  EAR. 

The  Bxtemai  Bar  conszBts  of  the  pinna  or  aoride  and 
the  external  auditory  meatus.  The  awride  is  the  oblong 
eonyolnted  body  situated  at  the  side  of  the  head.  Its 
incurved  outer  border  is  named  the  Ae/tor.  Within  this  lies  a 
curved  ridge,  the  anti-helix,  in  front  of  which  is  a  deep 
holloa,  the  ccmdui,  which  leads  into  the  external  meatus. 
The  concha  is  bounded  in  front  by  a  prominence,  ikt 
tm^us,  and  behind  by  a  smaller  prominence,  the  cadirtrognM  ; 
bdow  the  anti-tragus  is  the  loMe,  which  forms  the  most 
depending  part  of  the  auricle.  The  framework  of  the 
auricle  is  formed  of  yellow  elastic  fibro-cartilage  invested 
by  integument,  except  the  lobule,  which  consiBts  merely  of 
a  fold  of  integument  containing  fat  Attached  to  the  car- 
tilage are  not  only  the  three  auricular  musdes  referred  to  on 
page  83,  but  also  certain  smaller  muscles  called  the  proper 
musdes  of  the  pinna.  Thus  the  gresUr  mntdeofike  helix 
is  placed  on  its  anterior  border ;  the  tester  muscle  of  the 
helix ia  situated  where  it  arises  out  of  the  concha;  the 
musde  of  the  tragus  lies  on  the  front  of  that  prominenoe  ; 
the  mnsde  of  the  anti4ragus  u  placed  on  the  back  of  ita 
prominence;  the  transverse  mvsde  on  tiie  posterior  <ft 
cranial  surface  of  the  auricle. 

The^x^fmoZ  l/«a<ia  leads  from  the  bottom  of  the  cootha 
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into  the  temporal  bone,  snd  ia  separated  from  tbe  tympanum 
or  middle  ear  by  the  membnna  tympani  It  ia  a  crooked 
{MMage  one  and  a  quarter  inch  long,  inclined  at  first  forwards 
and  upwards,  tJioi  downwards  and  inwards.  The  wall  of 
the  outer  end  of  the  posBSigp  ia  fonned  of  fibro-csrtilage 
costinuoiiB  with  the  cartilage  of  the  anricl^  whilst  that  of 
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Intana]  carMld  autjil,  ZmHrhlin  tubs;  iit,t4i  ol  jxtmu  proccK ;  ■,  utcr- 
Ml  aadlMn  mwlca;  i^mDikrul  CjBipiud;  n  truruDn;  Lpdnta  to  mal- 
laui  Xtalnaui  1,M  lUpm  «,  to  aoeUu;  «,  a,  T,  Uh  thna  HnldRulu 

tbe  deeper  end  is  fonned  criF  the  jJote-Uke  tympomc  part 
of  tiie  tempcsal  bone.  Hie  paaaage  is  Hned  with  inter- 
ment continnona  witli  tbe  skin  of  tbe  anride,  in  which  ara 
ntnsted  nomerons  hairs,  together  witli  cenuninoas  glands 
vhkk  Mcrete  the  weU-kiKivn  yellow  "  wajl" 
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The  Tympanum^  or  Drumj  or  Middle  Ear^  is  a  chamber 
irregularly  cuboidal  in  f onn,  sitnated  in  the  temporal  bone 
between  the  bottom  of  the  meatus  and  the  internal  ear  (Fig. 
107).  The  outer  wall  is  formed  of  the  memJbrani  tympamiy 
which  inclines  obliquely  downwards  and  inwards  at  the 
bottom  of  the  external  meatus,  at  an  angle  of  bV*  to  the  axis 
of  the  meatus,  whilst  the  membranes  in  the  two  eara  form 
with  each  other  an  obtuse  angle  of  130°  to  135^  The  ^m- 
panic  membrane  is  attached  to  a  groove  at  the  bottom  of 
the  meatus,  and  is  concave  on  its  outer,  convex  on  its  inner 
surface.  It  consists  of  three  layers :  an  external  tegumen- 
tary,  continuous  with  the  skin  of  the  meatus,  which  ood- 
tains  no  hairs  or  glands ;  an  internal  mucous,  continaous 
with  the  mucous  lining  of  the  tympanum ;  and  an  inter- 
mediate membrana  propria,  which  consists  of  unyielding 
fibres  arranged  both  radially  and  circularly.  The  radial 
fibres  radiate  from  the  point  of  attachment  of  the  handle 
of  the  malleua  The  membrana  propria  Ib  nsoally  said  to 
be  destitute  both  of  nerves  and  vessels,  but  Keasel  states 
that  nerves,  blood,  and  lymph  vessels  exist  in  it  as  wdl  aa 
in  the  mucous  and  t^gnmentary  layera  Immediatdy  In 
front  of  the  membrana  tympani  is  the  Olaserian  fiasnre. 
The  inner  wall  separates  the  tympanum  firom  the  labyrinth^ 
and  presents  the  following  appearances :  a  loonded  elevation 
OT  promouiory  caused  by  the  first  torn  ol  the  cochlea,  on 
the  surface  of  whidi  promontory  are  grooves  for  the 
lodgment  of  the  tympanic  plexus  ol  nerves ;  above  the 
promontory  is  an  oval  opening  closed  in  by  a  membrane;, 
ihefenettra  ofnlis,  which  corresponds  with  the  vestibule  ; 
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behind  and  below  the  promontory  is  a  round  opening  closed 
in  by  a  membrane,  ihefenettra  rotunda,  which  corresponds 
with  the  tympanic  passage  in  the  cochlea.  The  floor  of 
the  tympanum  is  a  narrow  chink  between  the  inner  and 
outer  walls ;  and  the  roof  is  formed  by  the  anterior  surface 
of  the  petrous-temporal  bone.  At  its  anterior  wall  the 
tympanum  opens  into  the  Euttachian  tube,  a  canal  which 
communicates  with  the  nasal  compartment  of  the  pharynx 
immediately  behind  the  inferior  turbinaL  The  wall  of  the 
t3rmpanic  end  of  this  tube  is  formed  of  bone,  that  of  the 
pharyngeal  end  of  a  curved  plate  of  hyaline  cartilage, 
which  is  connected  to  the  bone  by  fibro-cartilage ;  its 
pharyngeal  orifice  is  dilated  into  a  trumpet-shaped  mouth ; 
through  this  tube  the  ciliated  mucous  membrane  of  the 
nasal  part  of  the  pharynx  is  prolonged  into  the  tympanum. 
The  cartilaginous  wall  of  the  tube  does  not  completely 
surround  it,  but  is  completed  by  a  fibrous  membrane,  and 
a  layer  of  Yoluntary  muscle,  named  by  Biidinger  the  dilar 
tator  tubs.  Above  the  tympanic  orifice  of  the  Eustachian 
tube  is  a  fine  canal,  through  which  the  tensor  tympani 
muscle  enters  the  tympanum.  At  its  posterior  wall  the 
tympanum  communicates  with  the  air-sinuses  in  the  mastoid 
temporal;  hero  also  is  found  a  small  hollow  eminence, 
the  pyramid,  through  a  hole  at  the  apex  of  which  the  ten- 
don of  the  stapedius  muscle  passes  -,  and  a  foramen  which 
transmits  the  chorda  tympani  nerve. 

The  tympanic  cavity  contains  three  small  bones,  named 
malleus,  incus,  and  stapes,  arranged  so  as  to  form  an 
irregular  chain,  stretching  across  the  cavity  from  the  outer 
to  the  inner  walL 

The  MaUem  or  hammer  is  the  most  external  bone.    In 
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it  may  be  recognised  a  head  separated  by  a  constricted  neck 
from  an  elongated  handle.  Close  to  the  junction  of  the 
neck  and  handle  a  long  slender  process  projects  down  vards 
and  forwards  to  be  inserted  into  the  Glaserian  fissure,  and 
near  the  root  of  the  long  process  a  short  process  prqjects 
outwards.  By  its  handle  the  malleus  is  intimately  con- 
nected with  the  centre  of  the  mambrana  tympani ;  by  its  head 
it  articulates  with  the  incus;  whilst  ligamentous  fibres 
pass  from  it  upwards,  forwards,  outwards,  and  backwards 
to  the  tympanic  walls. 

The  Itteus,  or  anvil-shaped  bone,  possesses  a  body  and 
two  processes;  on  the  anterior  surface  of  the  body  is  a 
saddle-shaped  hollow  in  which  the  head  of  the  malleus  fits; 
the  short  process  projects  almost  horizontally  backwaxda, 
and  is  attached  by  a  ligament  to  the  posterior  wall  td 
the  tympanum;  the  long  process  extends  at  first  down- 
wards and  then  inwards,  to  end  in  a  rounded  projection, 
named  08  orbiculare,  through  which  it  articulates  with  the 
stapes. 

The  Stapes f  or  stirrup-shaped  bone,  possesses  a  head  and 
neck,  a  base  and  two  crura ;  the  head  articulates  with  the 
OS  orbiculare  of  the  incus ;  from  the  constricted  neck  the 
two  crura  curve  inwards  to  the  base,  which  is  attached  to 
the  fenestra  ovalis.  The  joint  between  the  malleus  and 
incus  is  diarthrodial  and  saddle-shaped,  and  the  articular 
surfaces  are  enclosed  by  a  capsular  ligament  The  joint 
between  the  incus  and  stapes  is  also  diarthrodial,  and  pos- 
sesses an  investing  capsular  ligament  Toynbee  and  Biid- 
inger  have  described  the  base  of  the  stapes  and  the  margin 
of  the  fenestra  ovalis  as  each  invested  by  hyaline  cartilage. 
Between  these  plates  elastic  fibres  extend  in  a  plexif onn 


THE  EAR.  363 

manner,  and  the  inteiralfl  between  them  are  occapied  hj 
fluid ;  the  joint  aeema,  therefore,  a  modified  amphiarthrosifl. 

The  bones  are  moved  on  each  other  at  these  joints  by 
small  mnsdesL  The  tensor  Qfmpofu  arises  from  the  apex  of 
the  petrous  temporal,  and  the  cartilage  of  the  Eustachian 
tabe,  enters  the  tympanum  at  its  anterior  wall,  and  is  in- 
serted into  the  handle  of  malleus  near  its  root  The  laxa- 
tar  tympani  muscle  arises  from  the  spine  of  the  sphenoid, 
and  the  cartilage  of  the  Eustachian  tube  enters  the  tym- 
panum through  the  Olaserian  fissure,  and  is  inserted  into 
the  neck  of  the  malleus.  The  ttapediua  arises  within  the 
pyramid,  enters  the  tympanum  through  the  hole  at  its  apex, 
and  is  inserted  into  the  neck  of  the  stapes.  The  tympanum 
is  lined  by  amucous  membrane  continuous  with  that  of  the 
Eustachian  tube,  which  invests  the  tympanic  ossicles,  liga- 
ments, and  muscles,  and  is  prolonged  backwards  so  as  to  line 
the  mastoid  air^inuses.  The  epithelium  covering  this  mem- 
brane, where  it  lines  the  fioor  and  the  adjacent  part  of  the 
anterior,  posterior,  and  internal  walls,  consists  of  ciliated 
columnar  oeUs;  but  the  epithelium  covering  the  roof,  the 
promontory,  the  membrani  tympani,  and  the  tympanic 
ossicles,  is  tessellated.  In  the  sub-epithelial  connective 
tissue  the  blood  and  lymph  vesselB  and  nerves  of  the 
tympanum  ramify.  Kessel  has  recently  described  in  it 
certain  peculiar  bodies,  which  consist  of  a  central  axial 
band  with  a  series  of  capsules,  possessing  a  fibrillar  struc- 
ture, arranged  concentrically  around  the  axis ;  the  function 
of  these  bodies  is  not  known. 

The  formation  of  the  auricle  and  external  meatus  is  well 
adapted  for  collecting  and  transmitting  sound-vibrations 
inwards  to  the  middle  ear  and  labyrinth.    These  vibrations 
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strike  the  meiubi*ana  tympani,  and  are  propagated  by  tlie 
cliaiu  of  bones  across  the  tympauic  cavity  to  the  labyrinth. 
The  pressure  of  the  \dbrations  on  the  tympanic  membrane 
forces  that  membrane  inwards,  so  that  its  inner  surface 
presses  on  the  handle  of  the  maUeus,  the  etfect  of  which  is  to 
rotate  the  hammer  about  its  axis;  but  l)y  the  ligamentous 
attachment  of  the  malleus  to  the  tympanic  walls  and  to  the 
incus,  and,  as  Helmholtz  has  shown,  by  the  interlocking  of 
L'og-like  processes  connected  with  the  articular  surfaces  of 
the  two  bones,  the  range  of  movement  is  so  limited  that  the 
pressure  on  the  malleus  is  transmitted  through  the  incus 
upon  the  stajies,  which  presses,  therefore,  on  the  mem- 
brane of  the  fenestra  ovalis,  so  that  the  movements  of 
the  membrana  tympani  are  thus  transmitted  to  fluid  within 
the  labyrinth.  The  tensor  tympani  muscle  tightens  the 
tympanic  membrane  by  drawing  the  handle  of  the  malleus 
inwards,  and  still  further  adapts  the  structures  for  the 
transmission  of  sound-vibrations.  The  laxator  tympani  is 
considered  to  be  the  antagonistic  muscle  to  the  tensor 
tympani.  There  is  some  difficulty  in  determining  the 
action  of  the  stapedius,  but  if,  as  is  probable,  it  draws  the 
stapes  from  the  fenestra  ovalis,  it  will  diminish  the  pres- 
sure of  the  chain  of  bones  on  that  membrane. 


INTERNAL    EAR. 

The  Internal  Ear^  named  the  Lahyrinthy  from  its  com- 
plex construction,  is  the  part  of  the  auditory  apparatus  in 
which  the  nerve  of  hearing  is  distributed,  and  where  tbe 
peripheral  end-organs  are  situated.  It  is  enclosed  withiii 
the  petrous  bone,    and  is  divided  into  three  parts,  viz,. 
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vestibule,  Bemicircolar  canals,  and  cochlea,  each  of  which 
consisto  of  an  Ofiseona  and  a  membranons  portion. 

The  VeOffnUe  lies  immediately  internal  to  the  tympanum, 
between  it  and  the  bottom  of  the  internal  auditory  meatus ; 
behind  the  vestibule  are  the  semicircular  canals,  and  in  front 
issituatedthe  cochlea.  It  is  the  part  of  the  labyrinth  which 
first  appears  in  animals,  and  is  therefore  the  most  constant 
part  of  the  organ.  In  the  myxinoid  fishes  a  single  semicircu- 
lar canal  is  superadded  to  the  vestibule,  in  the  lamprey  two 
canals,  but  in  other  fishes  and  in  the  higher  vertebrates  three 
canals  exist  In  amphibia,  reptiles,  and  birds  the  cochlea 
is  small  and  rudimentary  in  comparison  with  its  develop- 
ment in  manmiala.  The  osseous  vestibule  is  an  ovoid 
chamber  about  ^th  inch  in  diameter.  In  its  outer  or 
tympanic  wall  is  ike  fenestra  ovalie;  in  its  inner  are  small 
oMditory  foraminay  which  transmit  from  the  internal 
meatus  the  vestibular  branches  of  the  auditory  nerve ; 
behind  these  holes  is  the  opening  of  a  minute  canal,  the 
dqneduetus  vesUbnli;  its  anterior  wall  communicates  with 
the  seala  vestibuli  of  the  cochlea,  and  into  its  posterior 
wall  open  the  five  orifices  of  the  three  semicircular  canals. 

The  Semicircular  Canals  are  named  superior,  posterior, 
and  external  The  superior  and  posterior  are  sometimes 
called  the  vertical  canals,  and  the  external  the  horizontal 
canal,  but,  as  Crum  Brown  has  shown,  the  superior  and 
posterior  lie  in  planes  nearly  equally  inclined  to  the  mesial 
plane  of  the  head,  and  the  external  is  in  a  plane  at  right 
angles  to  the  mesial  plane.  Further,  the  canals  in  the  two 
ears  have  definite  relations  to  each  other;  for  whilst  the 
superior  canal  of  each  ear  is  nearly  parallel  to  the  posterior 
canal  of  the  other,  the  external  canals  in  both  ears  lie 
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nearly  in  the  same  plane.  The  canak  are  beat,  forming 
nearly  ^da  of  a  circle,  and  would  have  had  six  openings  into 
the  vestibule  had  not  the  contiguous  ends  of  the  superior 
and  posterior  blended  together  to  open  by  a  common  (Hifioe. 
The  opposite  end  of  each  of  these  canals  and  the  outer  end 
of  the  external  canal  dilate  close  to  the  veetibule  to  twice 
their  usual  diameter,  and  fonn  an 
ampulla.  The  oaseons  veetibnle 
and  semicircular  wtn*l«  are  lined 
by  a  periosteum  invested  by  a 
tessellated  epithelium,  and  ttm- 
tain  a  little  fluid,  the  perilywtpk. 
In  this  flnid  the  membranona 
labyrinth  is  suspended. 

The  membranoua  vestibiile  is 
formed  of  two  small  sac-tike  dila- 
tations, the  walls  of  which  are 
directly  continuous  with  each  other, 
though  the  cavities  are  aepaisted 
by  an  intermediate  partition.  Hie 
upper  and  posterior  <4iUfaiHnn 
named  vtriaUtu,  ia  larger  than 
the  lower  and  anterior,  named 
taeeului.  The  sacculus  is  continu- 
ous with  the  daettu  axhUarit  of 
the  membranous  cochlea,  and  both  sacculus  and  utricnln* 
communicate  by  slender  tubes  with  a  short  diverticulnm 
lodged  in  the  aqueductus  veetibuli,  to  which  the  name  of 
djictui  vtOHndi  may  be  given  (Fig.  109).  The  membranoos 
semicircular  canals  are  about  \di  the  diameter  of  the 
osseous.     Their  walls  are  continuouB  with  that  ol  the 
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utriculusy  and  they  open  by  five  orifices  into  it.  Each  haa 
an  ampnlla  within  the  ampnlla  of  the  osseous  canaL  Both 
the  saccolns  and  utricolus  are  in  places  attached  to  the 
periosteal  lining  of  the  osseous  yestibule,  and  delicate 
ligamentous  bands  connect  the  membranous  semicircular 
canab  to  the  periosteal  lining  of  the  tubes  in  which  they 
are  contained.  The  wall  of  the  membranous  vestibule 
and  canals  consists  of  a  delicate  fibrous  membrane  lined 
by  a  tessellated  epithelium.  The  inner  part  of  this  mem- 
brane has  a  vitreous  or  hyaline  lustre,  and  gives  origin  in 
the  canals  to  short  papilka  which  project  into  the  lumen. 
The  membranous  vestibule  and  canals  are  distended  with 
the  fluid  endolymph.  The  sacculus,  utriculus,  and  ampullae 
are  specially  modified  in  connection  with  the  peripheral 
termination  of  the  vestibular  branches  of  the  auditory 
nerve.  The  membranous  wall  forms  in  each  of  these 
dilatations  a  projecting  ridge,  the  crista  cuxmstuxty  to  which 
calcareous  particles,  the  otoliths,  which  may  be  either 
amorphous  or  crystalline,  are  adherent  The  epithelial 
investment  of  the  crista  is  elongated  into  columnar  ceUs, 
and  intercalated  between  them  are  fusiform  cells,  the  attdi- 
fjory  cells,  each  of  which,  as  Schultze  and  other  observers 
have  described,  possesses  a  peripheral  and  a  central  process. 
The  peripheral  process  projects  beyond  the  plane  of  the 
free  surface  of  the  endothelium  into  the  endolymph  as  the 
auditory  hair,  whilst  the  central  process  extends  into  the 
sub-epithelial  tissue,  where  the  nerve  plexus  belonging  to  the 
terminal  branches  of  the  auditory  nerve  ramifies,  and  with 
which  it  is  probably  continuous  (Fig.  108).  These  auditory 
cells  are,  therefore,  the  peripheral  end-organs  of  the  vesti- 
bular branches  of  the  auditory  nerve,  and  their  general 
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arrangemoat  is  not  unlike  that  of  the  olfactory  cells  of 

the  no<e. 

The  C'v';A.^a  is   bv  far  the  most  complex  part  of   the 

labyrinth.  It  is  about 
^th  inch  long,  and 
shai)ed  like  the  shell 
of  a  common  snail : 
its  base  lies  near  the 
internal  meatus,  and 
its  apex   is   direct etl 

Fir..  ir.^.—T^.ii.T.inofthcmen.VninousLabvrirth.   OUtwards.       The  OSSe- 
I'C.  '".uctr.s  c\»c';lfanji:  -Jr.  ductus  reun.cns:  S,  t-i         •  ^    t, 

sw.r.i:u>:    U.   utncxilus:   Jr.    duorus   vestibuli;    OUS  COChlca   IS   a  tube 

wound  spumly  two 
and  a  lialf  times  round  a  central  pillar  or  vicxJ.iolus.  Both 
tiie  ]>illar  and  the  tube  diminish  rapidly  in  diameter  frcm 
the  ba.se  to  the  apex  of  the  cochlea.  The  tube  is  im- 
perfectly di\'ided  into  two  pa.<.s;ii:es  by  a  plate  of  bone, 
the  o.s^rnas  spiral  hiiniivi,  which,  springing  from  the 
modiohi>.  winds  spimlly  around  it,  and  projects  into  the 
tube.  When  the  membranous  cochlea  is  in  its  place 
the  di\'ision  is  completed  by  a  membrane,  the  manhrancnts 
sjnral  lamai'i,  or  basilar  manWane,  which  bridges  acn;>ss 
the  inters-al  between  the  free  edge  of  the  osseous  spiral 
lamina  and  the  outer  wall  of  the  tube,  to  the  latter  of 
which  it  is  attached  by  the  spiral  cochlear  Ugavicnt  These 
passages  are  called  scala  fymjxini  and  scala  lYstibnIi. 
But  .another  membrane  also,  the  membrane  of  IieUsjier, 
ari.ses  frum  a  denticulated  spiral  crest,  the  limbus  or  crist<i 
yfiralis,  attached  to  the  vestibular  border  of  the  free  edge 
of  the  osseous  spiral  lamina,  and  extends  to  the  spiral  liga- 
ment at  the  outer  wall  of  the  tube,  on  the  vestibular  aspect 
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of  the  banlar  membmoe,  bo  aa  to  enclom  a  passage  between 
it  and  the  basilar  membrane,  called  leala  ini^media  or 
duetm*  ooMearU.  The  membrane  of  Reissner  is  formed 
of  delicate  Tasculor  connective  tissue,  with  an  epithelial 
layer  («  each  of  its  two  snTfaces,     The  scala  ^mpani  or 
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lower  itassage,  widest  at  the  base  of  the  cochlea,  begins  at 
the  inner  wall  of  the  tympanom,  into  which  it  would  have 
c^ned  thraogh  the  fenestra  rotnnda,  had  not  the  fenestra 
been  closed  np  bj  a  membrane.     The  scala  TeatibuU  ur 
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upper  passage,  also  widest  at  the  base,  commimicates  with 
the  cavity.of  the  osseons  vestibiile.     At  the  speoL  of  tbe 
cochlea  these  two  scake  communicate  with  eadi  other 
through  a  small  hole,  the  Ae^ux>fri0ina.     As  the  scala  Testib&li 
opens  into  the  osseous  vestibule,  the  perilymph  is  oontinibed 
into  it,  and  through  the  helicotrema  into  the  scala  tympa&L 
The  ductus  cochlearis  is  the  membranous  cochlea,  and  its 
walls  are  formed  of  the  basilar  membrane  next  the  scak 
tjmpani,  of  the  membrane  of  Reiasner  next  the  scsk 
vestibuU,  and  of  the  spiral  ligament  next  the  wall  of  the 
cochlea,  which  connects  the  two  membranes  together.    It 
follows  the  spiral  windings  of  the  cochlea,  terminates  at  the 
apex  of  the  spiral  in  a  closed  end,  whilst  at  the  base  it 
communicates  with  the  sacculus  of  the  membranous  Tesd- 
bule  by  a  slender  tube,  the  eanalis  reutdenM;  heooe  the 
membranous  cochlea  contains  endolymph.     The  termina- 
tion of  the  cochlear  branches  of  the  auditory  nerve  and  the 
arrangement  of  the  peripheral  end-organs  in  relation  to 
them  are  to  be  looked  for  in  the  basilar  membrane.     Tbest 
parts  have  been  repeatedly  investigated  and  described  in 
elaborate  monographs,  the  titles  of  which  are  given  II 
Waldeyer^s  article  on  the  cochlea  in  Strieker's  Mand^md 
der  Lekre  von  den  Gewehen.     The  general  results  only  of 
these  investigations  will  be  given  here,  and  the  origiiMl 
memoirs  may  be  referred  to  for  further  details. 

On  the  surface  of  the  basilar  membrane  directed  to  tbt 
ductus  cochlearis  a  remarkable  arrangement  of  cells 
which  presents  an  appearance  that  has  been  compared 
the  key-board  of  a  pianoforte,  and  has  been  named  the  oryck 
o/Carti  ;  it  consists  of  the  foUowiog  parts: — Some  of  thear 
cells,  distinguished  by  their  elongated  curved  form,  <irt 
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arranged  in  two  groapSy  an  inner  and  an  outer.  The  cells 
of  the  inner  gronp  rest  by  a  broad  foot  on  the  inner  part  of 
the  baailar  membrane,  close  to  its  attachment  to  the  spiral 
Umtnft^  project  obliqnelj  forwards  and  outwards,  and 
expand  into  a  dihited  head :  the  cells  of  the  outer  group 
also  rest  by  a  broad  foot  on  the  same  membrane,  incline 
forwards  and  inwards,  and  fit  into  a  depression  in  the  head 
of  the  cells  of  the  inner  group  :  these  two  groups  of  cells 
form  the  rods  or  piUars  o/Corti,  and  by  their  juxtaposition 
arch  over  an  excessively  minute  canal  enclosed  between 
them  and  the  basilar  membrane,  which  may  be  named  the 
carnal  of  Corfu  The  inner  rods  are,  however,  more  numerous 
than  the  outer,  and  Pritchard  has  shown  that  the  rods 
increase  in  length  from  the  base  to  the  apex  of  the  cochlea. 
Immediately  internal  and  almost  parallel  to  the  inner  group 
of  these  rods,  and  acyacent  therefore  to  the  crista  spiralis, 
IS  a  row  of  compressed  conical  cells,  which  possess  at  their 
anterior  ends  short  stiff  hair-like  processes;  they  are  the 
inner  hair  cdls  of  Deiters.  Lnmediately  external  and 
almost  parallel  to  the  outer  group  of  rods  are  four  or  five 
rows  of  hair  cells,  the  outer  hair  cells,  which  are  attached 
by  their  bases  to  the  basilar  membrane,  whilst  from  the 
opposite  extremity  a  brush  of  hairs  projects  through  the 
reticular  membrane.  The  outer  hair  cells  are,  according  to 
Waldeyer,  rektively  of  large  size  in  man.  The  reticular 
membrane  of  KoUiker  is  a  delicate  framework  perforated 
by  rounded  holes.  It  extends  parallel  to  the  basilar  mem- 
brane from  the  inner  rods  of  Corti  to  the  external  row  of 
outer  hair  cells,  and  throu^  the  holes  in  it  the  hairs  of  the 
outer  hair  cells  project  It  obviously  acts  as  a  support  for 
tlic  anterior  ends  of  these  cells,  and  binds  together  these 


iiiipoitaiit  ticiiionu  of  iht  ori;;iii  of  C»rii.  Tlif  iiifcri:.! 
lit'twoi'ii  tlie  *i\it<T  li.iiv  ulLs  iiinl  the  sjiiral  ligaujent  is 
iiivniiioJ  by  colls  i>f  a  moru  of  Uvs  clniiiiiar  fonii,  the 
fiijil-irlii'-j  f./Zx  ()f  HeiiSL'ii,  Covering  over  the  org^iii  i^f 
L\itti,  ami  sciKiwliu^  it  fruiii  tliu  cmlohmi.h  of  the  ductus 
cochlearU,  is  the  i,i,i,ihi;tii'i  Urturio,  wliicU  springs  fn-ui 
the  eri:<'ta  sjiirnlid  cl<.>^  to  the  nttaehiueiit  of  the  DieiitbraDe 
(if  Picissiii'i',  jiLi-oLS  uutWiUtU  siijierfieLal  to  the  lueuibraiiii 


Iwiuri*,  lain  iliivugb 


retieiiliiiis,  niul  iii>i>.ireiitly  lik'uds  at  its  outer  border  with 
the  .«iiii-.il  li:j;ai]ii.'i)t. 

The  oiiyiti,  course,  and  distribution  of  the  auditory  uerve 
in  tUc  liibyriiith  will  now  be  coDsidored.  The  auditory 
ni;rve  ia  tlic  /■.),■//..  mJlis  of  the  S''t-„tk  cninial  nerve.  It 
ajijieiirs  iit  tlii.'  lxif-i>  of  tho  brain  at  the  lower  border  of  the 
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pona  YaroliL  Traced  to  its  origin  its  roots  wind  round  the 
restif onn  body  to  the  floor  of  the  4th  ventricle,  where  they 
form  the  striae  aeonsticflB,  and  sink  into  the  grey  matter  of 
the  floor.  Some  of  the  fibres  arise  from  an  inner,  others 
from  an  anterior  group  of  nerve  cells,  whilst  others  again 
are  connected  with  the  cells  in  the  restiform  body,  and 
probably  with  the  flocculus  of  the  cerebellum.  Just  as  the 
nerve  emerges  at  the  lower  border  of  the  pons,  as  may  be 
well  seen  in  preparations  by  A.  B.  Stirling,  collections  of 
very  vascular  grey  matter  containing  groups  of  multipolar 
nerve  cells  lie  between  the  bundles  of  the  nerve,  and  from 
their  processes  re-inforcing  fibres  are  added  to  the  nerve. 
The  auditory  nerve  passes  down  the  internal  meatus,  and 
divides  into  a  vestibular  and  a  cochlear  division.  The 
•i8f<»&ii^r  division  enters  the  vestibule,  and  divides  into 
five  branches  for  the  sacculus,  utriculus,  and  three  ampullae 
of  the  membranous  semicircular  canals.  Each  branch* 
enters  a  crista  acoustica  and  forms  a  plexus,  in  the  meshes 
of  which  nerve  cells  are  imbedded.  From  this  plexus 
fine  non-medullated  fibr^  arise,  which  enter  the  layer  of 
oeUa  on  the  surface  of  the  crista,  where  they  anastomose 
and  form  a  very  delicate  plexus,  from  which  fibres  spring 
that  in  all  probability  join  the  central  processes  of  the 
auditory  cells  (Fig.  108). 

The  cochlear  division  enters  a  canal  in  the  axis  of  the 
modiolus,  and  gives  off  lateral  branches,  which  pass  into 
the  canals  situated  in  the  osseous  spiral  lamina.  Here  they 
radiate  outwards  to  the  membranous  spiral  lamina,  and 
have  connected  with  them  collections  of  nerv^ceUaiorming 
the  spiral  ganglion.  Beyond  the  ganglion  they  form  a  flat 
plexiform  expansion,  from  which  delicate    nerves   pass 
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*!'.'':  'l.iC*  4.1  0/^f,!':ari-,  'vouM  -^-t  ir;  \'irjr.iti"ri  th-r  ba^ilir  meii- 
brrirj':,  ar/I  t.ii':  ^ii^liv.r/  r>-ll.-i  ro.-itin^  on  it,  bj  which  the 
<'o«':h!*-"..r  brafic;;]*:-,  of  *h-.'  au'li-.'^rv'  nervx-  w.>iild  h-e  ^timulatr  d 
t,o  con'l  \'-X  •■  >\\\\  1  iiri]>iil-o-r  to  the  brain.  It  has  been  cnstOLi- 
ary  for  jJiy-.iolo::i.-,*H  to  rei'ard  the  vestibule  a^  the  part  t'f 
rfjf:  Lab'. rJi.Mi  t,v  whicfi  sound  or  mere  noLse  is  determint^J ; 
thf:  vi>v\\\f;.v^  a.-,  the  j/^irt  which  deterniines  variations  and 
de'„^rer-H  (jf  .-ourid,  a.H  niu-,ical  n(jte.s  or  harmony;  the  semi- 
circular carjnl.i,  as  determining  the  directions  from  which 
Kound  procecfls.  lint  within  the  last  two  years  experiments 
and  ar;/nnientH  have  been  advanced  almost  simultaneously 
by  lircuer,  Mach,  and  Crum  Brown,  in  favour  of  the  view 
that  tlie  semicinular  canals  act  as  peripheral  end-organs  for 
e  K(!n-;e  of  rot  .it  ion,  by  which  sense  the  axis  about  which 
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rotation  of  the  head  takes  place,  the  diiection  of  that  rota- 
tion,  and  its  rate,  are  detennined. 

In  the  account  of  the  development  of  the  skeleton,  p. 
57,  it  was  stated  that  the  external  meatus,  tympanum, 
and  Eustachian  tube  are  the  remains  of  the  first  branchial 
cleft  of  the  embryo,  that  the  tympanic  ossicles  are  formed 
in  the  first  and  second  visceral  arches,  and  that  the  petrous 
bone  is  ossified  in  the  cartilaginous  basis  craniL  The 
membranous  labyrinth  arises  as  an  invagination  of  the  epi- 
blast  into  the  mesoblast,  near  the  upper  end  of  the  second 
branchial  deft,  and  the  invaginated  fold  then  closes  in,  by 
the  growth  of  the  surrounding  mesoblast,  to  fonn  a  shut 
sac,  the  primary  auditory  veside.  The  cavity  of  this 
vesicle  enlarges,  thickening  of  its  walls  takes  place,  and  iu 
this  manner  arise  modifications  in  its  form,  from  the  con- 
dition of  a  simple  closed  sac,  until  the  membranous  vesti- 
bule, the  semicircular  canals,  and  the  cochlea  are  produced. 
From  the  epiblast  lining  of  the  vesicle,  the  organ  of  Corti, 
and  the  special  apparatus  connected  with  the  termination 
of  the  auditory  nerve  in  the  vestibule  and  semicircular 
canals,  together  with  the  general  epithelial  lining  of  the 
membranous  labyrinth,  are  derived.  The  fibro-membranous 
wall  of  the  labyrinth,  and  the  periotic  cartilage  which 
subsequently  ossifies  into  the  petrous  bone,  are  produced 
by  a  differentiation  of  the  mesoblast  surrounding  the 
auditory  vesicle.  The  apace  filled  by  perilymph,  between 
the  membranous  and  osseous  labyrinth,  is  apparently  due 
to  a  splitting  of  this  surrounding  mesoblast  The  auditory 
nerve  is  not,  like  the  optic,  a  prolongation  of  the  brain, 
but  is  developed  in  the  mesoblast  lying  between  the  brain 
and  the  auditory  vesicle.     In  the  course  of  time  its  central 


■  -   -        m  i\.jm^B^^~ 


2i. 


jtztt:-        -*^ 


T-    ^- 


JUJJ  I  '  ■  ■     "  ^-»- 


fXJI^ 


IS  ^ 


^.    t        I  1    *■ 


"i:^.::;       3' 


■  ■^A' 


JbS.       ^ 


MB      '    "   -  -      ^ 


" 

■*:r 

^^ 

'   ■  - 

,^. 

I'-"- 

li    ■*    ■■^». 


T>:     ^  '^ 


lc'^:2:al 


THE  TONGUE.  377 

the  tip  of  the  styloid  process  and  the  stylo-maxillary  liga- 
ment ;  it  rons  forwards  along  the  side  of  the  tongue  to  the 
tip.  The  hyo-glo6SQs  ia  divided  into  three  parts :  a,  basi- 
glossosy  which  arises  from  the  body  of  the  hyoid ;  by  cerato- 
j^ossuB,  from  the  great  coma  of  the  hyoid;  c,  chondro- 
gloesuB,  from  the  small  coma  of  the  hyoid.  The  fibres 
from  these  origins  ascend  into  the  side  of  the  tongue.  The 
genio-hyo-gloesus  arises  from  the  upper  tubercle  of  the 
symphysis  of  the  lower  jaw,  its  fibres  radiate  into  the  sub- 
stance of  the  tongue  along  its  whole  length  from  base  to 
tip ;  this  muscle  is  separated  from  the  corresponding  muscle 
of  the  opposite  half  of  the  tongue  by  a  mesial  septum  of 
fibrous  tissue.  The  palato-glossus  arises  in  the  substance  of 
the  soft  palate,  and  descends  to  the  tongue  in  the  anterior 
pillar  of  the  fauces.  The  inirinsie  muscles  lie  in  the  sub- 
stance of  the  tongue  itself,  and  are  as  follows  : — The  lingua- 
lis  superior  (noto-glossus),  consisting  of  longitudinal  fibres, 
which  extend  from  the  base  to  the  tip  beneath  the  mucous 
membrane  of  the  dorsum ;  the  lingualis  inferior,  consisting 
of  longitudinal  fibres,  which  extend  from  the  base  to  the  tip 
along  the  under  surface  between  the  hy<Kgloe8Us  and  genio- 
hyo-|^088us;  transverse  muscular  fibres,  which  spring  from 
the  mesial  fibrous  septum  and  curve  outwards  and  upwards 
to  the  sides  of  the  tongue;  vertical  fibres,  which  pass  through 
the  substance  of  the  tongue  from  the  dorsum  to  the  under 
surfaca  The  extrinsic  and  intrinsic  muscles  can  not  only 
move  the  entire  tongue  within  the  cavity  of  the  mouth, 
protrude  it  between  the  lips,  and  again  retract  it,  but  can 
modify  its  form ;  thus  the  dorsum  can  be  flattened,  made 
convex  or  concave,  the  margins  can  be  raised  or  depressed, 
and  the  tip  elevated  or  depressed. 
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The  mucous  membrane  of  tlie  tongue  forms  a  part^  of  the 
general  mucous  lining  of  the  mouth;  it  covers  the  dorsum, 
tip,  sides,  and  under  surface;  is  reflected  from  the  under 
surface  to  the  floor  of  the  mouth,  Avhere  it  fonnsthe/rrr'7?M?« 
or  bridle  of  the  ton^^ue,  and  is  reflected  also' from  the  base 
to  the  epiglottis  as  the  frana  of  the  epiglottis,  as  well  jus 
over  the  tonsils  and  anterior  palatine  pillars.  This  mem- 
brane has  its  free  surface  elevated  into  multitudes  of  line 
processes,  called  the  papilliB  of  the  tongue,  some  of  which 
are  simple,  others  compound  The  simple  paplHcp  are 
situated  on  tlie  back  part  of  the  dorsum  and  the  under  sur- 
face of  the  mucous  membrane,  as  well  as  scattered  between 
the  compound  pajaHa^;  they  are  simple  conical  elevations 
of  the  membrane.  The  compound  paplllce  are  arranged  in 
three  groups,  named  filiform,  fungiform,  and  circum vallate 
papilla?.  The  filiform  papUhvy  elongated  and  thread-like, 
are  the  smallest  and  most  imnierous,  and  cover  the  dorsum 
in  front  of  the  circumvallate  papillae.  The  fungifjmi  or 
club-shaped  papilke  are  scattered  over  the  anterior  and 
middle  parts  of  the  dorsum,  and  at  the  tip  and  sides.  The 
circumvaUdtt'  papil/a'j  seven  to  twelve  in  number,  form  a 
V-shaped  figure  on  the  dorsum  towards  its  base  ;  a  dejircs- 
sion  in  the  mucous  membrane,  called  foramen  cacum, 
marks  the  apex  of  the  Y.  These  are  the  largest  papilhv  ; 
each  is  sunk  in  a  vallum  or  trench-like  depression  of  the 
mucous  membrane,  which  isolates  it  from  the  surrounding 
surface.  The  compound  character  of  these  i)apilla3  is  due 
to  each  having  projecting  from  it  numerous  small  secondary 
papillae.  The  epithelial  covering  oi  the  filiform  papillae  is 
characterised  l)y  the  peculiar  modification  which  the  tessel- 
lated epithelium  of  the  mouth  has  undergone;  the   cells 
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have  become  oornified  and  elongated  into  dense,  imbricated 
brnah-like  procesaes.  In  the  camivoia  the  epithelium  is 
80  hardened  as  to  form  sharp  spines,  with  the  points 
turned  backwards,  which  giye  to  the  tongues  of  these 
animalfl  a  rough  prickly  character.  In  the  fungiform  and 
circumTallate  papillae  the  inequalities  between  the  pro- 
jecting secondary  papillae  are  filled  up  by  tessellated  epi- 
thelium, so  that  the  surface  of  the  compound  papillae  has 
a  smooth  appearance.  Both  the  simple  and  compound 
papillae  are  highly  vascular;  the  lingual  artery  not  only 
supplies  the  muscular  substance  of  the  tongue,  but  gives 
off  fine  branches  to  the  mucous  membrane.  These  branches 
end  in  capillaries,  which  form  simple  loops  in  the  simple 
pa^xillflB,  but  in  the  compound  papillae  the  capillaries  are  so 
multiplied  that  each  secondary  papilla  {has  a  capillary  loop 
within  it.  The  tongue  is  provided  with  several  nerves. 
The  hypo-glossal  nerve  supplies  its  muscular  structure,  but 
the  inferior  lingualis  is  said  by  some  anatomists  to  receive 
a  branch  from  the  chorda  tympani  of  the  facial.  The 
lingual  branch  of  the  fifth  is  distributed  to  the  mucous 
membrane  of  the  anterior  two-thirds  of  the  tongue;  it 
breaks  up  into  minute  branches,  which  enter  the  fungi- 
form and  filiform  papillae,  but  their  exact  mode  of  termi- 
nation has  not  been  precisely  ascertained,  though  end- 
bulbs  and  gustatory  bodies  are  said  to  have  been  seen 
in  connection  with  some  of  the  terminal  branches.  The 
glossal  branch  of  the  glosso-pharyngeal  is  distributed  to 
the  mucous  membrane  of  the  root  of  the  tongue  and  of 
the  drcumvaUate  papillae.  In  connection  with  its  terminal 
branches  peculiar  flask-shaped  organs,  called  ffutUUory  bulhs 
or  hodie9^  have  recently  been  described  by  Lov^n,  Schwalbe, 


and  Engelmann,  in  the  mdes  of  the  dnmniTBllate  pi[Hlli. 
These  bulba  have  been  found  in  large  numbers  in  Uaullittd 
folds  of  the  muGoiu  membrane  of  the  posterior  pait  of  tb 
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aide  of  the  rabbit's  tongue,  which  folds  may  approiniaf^! 
therefore  be  caUed  gw^atory  lanulia.  When  aecdoni » 
made  through  one  of  these  folds,  or  through  a  drconinl 
late  papilla  and  the  trench  which  snrronnds  it,  noiiMniu 
flask-shaped  gustatory  bulbs  may  be  W- 
in  the  epithehum,  which  oorers  the  aic 
of  the  papilla  and  the  opposite  nif^ 
the  trench.  The  bottom  of  each  fisak  » 
next  thfr  sub-epithelial  tissue,  wliibti:> 
short  neck  opens  on  the  surface  t?  ' 
month,  the  ^uitator^  porv  ;  eimilar  hodift 
Fia.iu.— i.  lapoiieiii  thongh  in  much  smaller  numbers,  i*^"- 
Ouuiorr  baib!  G.  also  been  Been  in  the  fungiform  papilla 
Pktu  paripheni.  ud  Eacfa  iniBtatOTT  body  consists  of  tmdifr 

c,  lU  nntrml  pnco*.  o  •'  ' 

rent  forms  of  cells,  named  aHwru^"'' 
&nd  ffvtUitory  etUt.    The  covering  cells  are  elongsled.  v.- 
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clcated  spindles,  which,  arranged  in  layers,  form  the  enve- 
lope of  each  gustatory  bulb,  and  reach  from  the  bottom  to 
the  mouth  of  the  flask ;  they  enclose  the  gustatory  cells. 
The  gustatory  cells  are  attenuated,  homogeneous,  and 
highly  refractile  cells,  which  possess  an  elliptical  nucleated 
body  with  two  processes,  a  central  and  peripheral     These 
cells  occupy  the  axis  of  the  gustatory  bulb.     The  peri- 
pheral process,  broader  than  the  central,  sometimes  ends 
in  a  short  hair4ike  tip,   which  almost  reaches  the  gus- 
tatory pore ;  the  central  process  extends  to  the  base  of 
the  flask,  and  often  divides  into  small  branches.     This 
process  is  varicose,   and  not  unlike  the  axial  cylinder 
of  a  nerve  fibre.     The  branches  of  the  glosso-pharyngeal 
nerve,  which  are  distributed  to  the  back  of  the  tongue, 
enter  the  drcnmvallate  papilLe,  and  form  a  minute  plexus, 
with  groups  of  nerve  cells  interspersed  in  it,  from  which 
bundles  both  of  medullated  and  non-medullated  fibres  pass 
to  the  basis  of  the  gustatory  bulbs ;  and  it  is  believed  that 
the  finest  non-medullated  fibres  are  continuous  with  the 
peripheral  processes  of  the  gustatory  cells,  which  are  there- 
fore regarded  as  the  peripheral  end-organs  of  the  nerve  of 
taste,  and  by  the  excitation  of  these  bodies  gustative  or 
taste  sensations  are  produced.     As  the  glosso-pharyngeal 
ifl  the  nerve  distributed  to  the  circumvallate  papillie,  where 
these  gustatory  bulbs  are  especially  found,  it  is  therefore 
the  special  nerve  of  taste ;  but  as  these  bulbs  have  also 
been  sparingly  seen  in  the  other  papillae,  where  the  lingual 
nerve  is  distributed,  that  nerve  probably  acts  in  a  minor 
degree  as  a  nerve  of  taste,  though  its  special  function  is 
undoubtedly  that  of  a  nerve  of  touch.     The  gustatory 
bulbs  are  not  penetrated  by  blood-vessels,  but,  as  Fig.  112 
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.^h'/A-.-i,  tne  va.^cular  sub-c^-itL eli.il  tissue  L5  prulor^gcd 
II {) wards  .iloncr  the  sidtvs  of  the  bulb<  almost  as  far  as  the 
j)lane  of  the  L'Uatatory  pjrt^.  Key,  Beale,  and  other 
ohnervers  have  de.-cribcd  special  muditieations  of  the 
.j[>ith':liu:ji  in  cunnectiun  with  the  terminations  of  the  gusta- 
tory rj^^rve.s  in  the  froir.  The  mucous  membrane  of  the 
lunLTUu  ct^ntains  numerous  small  tubular  or  branched 
'^ hinds,  more  especially  on  the  dorsum  near  its  root,  which 
.^er-rute  inucu-;.  DeprCvSsions  also  occur  in  this  part  of  the 
]iiiicous  membrane,  around  the  walls  of  which  groups  of 
lyniplioi<l  cells  are  collected  in  the  sub-epithelial  connective 
li.s.^iif,  which  have  an  arrangement  closely  resembling  the 
structure  uf  tlie  adjacent  tonsils,  and  form  an  example  of 
iidenoid  ti>.suc. 

Tile  tongue  arises  as  a  bud-like  process  on  the  floor  of 
lh(j  mouth  of  the  cmbr}^o.  It  consists  of  niesol)last  covered 
by  tile  (!piblast  layer  which  lines  the  buccal  chamber, 
l^'rom  the  epibJast  is  produced  the  epithelial  covering, 
and  in  all  probability  the  gustatory  bulbs,  whilst  the 
inesobJast  gives  rise  to  the  muscular,  fibrous,  vascular,  and 
nervous  structures. 

The  Skin. 

The  Skin,  or  Integument,  invests  the  entire  outer  surface 
of  the  body,  and  contains  structures  by  the  excitation  of 
which  the  properties  of  things  are  determined  by  the  sense 
o{  touch.  The  skin  also  contains  accessory  structures,  as 
tlie  nails,  hairs,  sebaceous  glands,  and  sweat  glands.  The 
.^kin  consists  of  a  non-vascular  cuticle  or  epidermis,  and  of 
a  vascular  and  siMisitive  corium,  or  cutis  vera. 

I'lie  Cuticlr,  Fjfidcnuisy  or  i>carf  skin,  forms  the  outer 
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covering  of  the  skin,  and  protects  the  cutis.  It  is  a 
laminated  stractnie,  and  consists  of  numerous  layers  of 
cells  superimposed  on  each  other.  As  these  cells  cover  a 
free  surface  exposed  to  the  air,  they  belong  to  the  group  of 
epithelial  tissues.  The  thickness  of  the  cuticle  varies  in 
different  localities  from  -^th  to  ^^th  inch ;  where  the 
skin  is  frequently  exposed  to  pressure,  as  in  the  soles  of 
the  feety  the  cuticle  is  the  thickest  and  hardest ;  and  the 
hands  of  those  accustomed  to  manual  labour  have  a  hard 
and  homy  cuticla  The  increase .  in  thickness  in  these 
localities  is  for  the  purpose  of  protecting  the  highly  sensi- 
tive cutis  from  injury.  The  outer  surface  of  the  cuticle  in 
many  parts  of  the  body,  especially  the  palm  of  the  hand  and 
the  fingers,  is  marked  by  ridges  and  farrows  ;  the  ridges 
indicate  the  position  and  arrangement  of  the  papillse  of  the 
cutis,  whilst  the  furrows  are  due  to  the  sinking  of  the 
cuticle  into  the  spaces  between  the  rows  of  papillae.  The 
mouths  of  the  sweat  glands  open  on  the  surface  of  these 
ridgea  The  cuticle  is  divided  into  two  strata.  The  va'per- 
ficial  homy  stratum  consists  of  layers  of  flat,  polygonal  scales 
like  a  tesseUated  epithelium;  the  cells  in  the  superimposed 
layers  firmly  adhere  to  each  other  by  their  surfaces,  and  in 
vertical  sections  this  stratum  presents  a  fibrous  appearance ; 
bat  the  cells  may  be  readily  isolated  by  digestion  in  a  caustic 
alkali  The  deeper  or  mucous  stratum^  or  rete  McdpighUy 
lies  next  the  cutis,  and  closely  follows  the  undulations  of 
its  papOlary  surface.  The  cells  forming  the  layer  next  the 
cutis  are  columnar  in  shape,  those  in  the  layers  immediately 
succeeding  are  rounded  or  cubical,  whilst  those  next  in 
Older  are  polygonal,  and  not  unf  requently  possess  pointed 
processes  or  prickles  projecting  from  them,  hence  the 
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\\:.:a:.:  '.  •;.•  ">.<.::.'.  l.'VLd  bv  SL'luiltze.  The  cells  which 
lie  '.uxt  the  Lv  rr.v  s:ra:;::ii  a.-i^ume  the  scale-like  form.  It 
is  in  ti:o  Ot'.ls  ^f  the  ::iik\'Us  stratum  that  the  colourinfi 
ir.,:::tT  vi  \\w  sk:u  i>  liuiid.  which  in  the  fair  races  of  men 
for:u>  :::o  :>.>l.\:<.d  o- -loured  >jH'ts  called  freckles  and  mole^, 
but  in  t:.e  d..rk  r.:.\<  the  I'i^niciit  urauiiles  are  uiiifonnlv 
dis:ribn:<.d  t::rv>;;_:h  the  o^^lls  of  this  stratum.  The  super- 
lioial  otll^  oi  x\w  hv  vnv  stratum  of  the  cuticle  are  coutinuallv 
Iviiu  ^I'.id,  so  t'nat  ti.e  celL  of  the  deej»er  lawyers  gradually 
:y''irv..c:i  the  surfaoo,  und  ucw  cells  are  continually  iH^inij 
foruiod  in  the  deci'or  part  oi  the  rete  MalpighiL  The 
cuticle  is  eli^>tly  adherent  to  the  cutis  in  the  healthy  living 
>kin.  but  on  the  a'oplioativ-n  oi  a  blister,  or  when  putrefac- 
ti-'U  sets  in  after  ileatli,  they  separate  from  each  other. 

riie  ('  r.V  :  •  '  \ — When  the  cuticle  is  removed  the  surface 
i^f  t:ic  cutis  is  s«.cn  to  be  stud^ied  with  multitudes  of  minntt' 
el«.v.itio:>,  tlie  I'.i'.'ilhv  ut  the  >kin.  These  papillae  art' 
titlicr  ^: ".I'ole  coi.ical  >tructure>,  or  compound  with  two  i»r 
three  br.inclies.  Tl\ey  are  largest  in  the  palm  and  sole. 
beini:  tri-ni  ^  \  ,th  to  ^  ^  th  oi  an  inch  high,  and  are  arranged 
in  ridjc<,  but  invre  u>naHv  thev  are  much  shorter  juid 
irre^\il..:lv  ili>tributed.  The  cutis  is  formed  of  connet-- 
tive  ti->u«.,  in  which  stellate  connective  tissue  corpuscles 
and  elastic  libres  are  abundant.  The  deejKT  surface  of  the 
Connective  ti>sue  of  the  cutis  is  reticulated,  and  is  continu- 
ous with  the  bundles  oi  connective  tissue  that  fonn  the 
areolar  >ubcutaneous  tissue.  In  the  pajulhi?  themselves  the 
libres  of  the  connective  tissue  are  not  so  well  markt^l, 
and  the  surface  of  the  ]'ai>ilhe  pt.>s>esses  more  of  a  homoirv- 
neous  asj»ect.  which  gives  rise  to  the  appearance  described 
as  a  basement    membrane.       The  cutis  is  hiirhlv  Tascu- 
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hr;  the amall uteriM  wliicligob>theakuigiT«ofFbraDcheB 
to  the  lobnlei  of  fat  ia  the  enbcotaneoas  tusne,  then  pen»- 
trate  the  cntu,  and  fonn  a  pleziu  from  which  capillaries 
ariae,  which  enter  the  papille,aad  fonn  raacnlar  loope  within 
them.     The  Ijmpliatic  Teaaels  of  the  eldn  are  nnmenitis; 


a  IhTTiBcti  the  Skin  ud  •sbcnunMia  Uin*,     ki.  boniT 

I  Ma)plftiU  Df  entlcbi;  j^    papilla  of  eatld;  t,  t,  toooi 

Ic.  t  Hood  iBd   1^  ■  Irmpb  eapUluri 


Kkty  foim  a  plezna  is  Um  entis,  which  liea  bneatb  the 
TaacnJar  jdexus,  forms,  aa  Nenmaim'a  iigections  show,  a 
networic  around  both  the  eehaeeoos  and  sweat  ^anda,  and 
gives  off  capillary  loops  into  the  papiQn.  The  nerrea  of 
tlw  akin  an  the  cntanaona  laaaebas  both  of  the  spinal  and 
2  B 
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of  certain  of  the  cranial  nerves,  the  origin  and  dis^ibotka 

of  which  haye  already  been  described.     They  nm  thnmgti 

the  Bubctttaneoos  tisane/  and  enter  the  deep  muface  of  the 

cutis,  where  they  divide  into  branchea     Aa  these  pss 

towards  the  papillse  they  unite  to  form  a  nerve  |dexiLi» 

from  whidi  smaller  branches  arise  to  enter  the  papiQc, 

and  terminate,  more  especially  in  the  akin  of  the  pafan  ol  tke 

hand,  fingers,  and  sole,  which  are  the  surfaces  most  acoii- 

tive  to  touch  impressions,  in  the  tadile  or  tomck  eorpmadet. 

The  touch  corpusdes  discovered  by  Wagner  and  Mdancr 

are  the  peripheral  end-organs  of  the  nerves  of  toac^  (F^ 

1 1 4).    They  may  be  sin^e  or  compouod  j  are  uaiiaDy  ofoid 

in  form,  not  unlike  a  minute  fir  cone;  and  are  transvcisclT 

marked,  from  the  transverse  directicm  of  the  nuclei  of  the 

fusiform  cells  which  form  an  investing  capsule.     BbA 

single  corpuscle  and  each  division  of  a  compoond  oorfwade 

is  penetrated  by  one,  and,  according  to  Thin,  by  bcthit 

more  than  one,  medullated  nerve  fibre,  but  the  exact  m^ 

of  termination  of  the  axial  cylinder  of  the  fibre  has  B«t 

been  ascertained.     Yirchow  and  other  G«nnaii  ohacmu 

have  stated  that  the  papillae  which  contain  capiEaries  c>* 

not  contain  nerves  or  touch  corpuscles,  and  vice  verwa  ;  bci 

Dalzell  and  Thin  have  shown  that  certainly  the  mgonn 

of  papilliB  that  contain  nerve  fibres  and  touch  ooipasde 

are  also  vascular  papilhe.    Non-medullated  nerve   £b>R^ 

ascend  to  the  surface  of  the  cutis,  and,  according  to  Las 

gerhans,  pass  into  the  reteMalpighii  between  the  oeDsof  iU' 

mucous  layer. 

I^ails. — On  the  back  of  the  last  phalanx  of  eadi  tbcKaV 
finger,  and  toe  is  situated  a  firm  homy  curved  plate*  t^ 
naU.     Each  nail  rests  on  a  bed,  the  surface  of  wUc^  » 
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formed  of  the  cutis,  which  also  overlaps  the  side  and  root 
of  the  nail ;  thus  the  nail  fits  into  a  groove  formed  of  the 
eatis  something  after  the  manner  in  which  a  watch-glass 
fits  into  its  rim.  A  nail  ia  merely  a  special  modifica^ 
tion  of  the  cuticle,  the  cells  of  the  superficial  stratum  of 
which  are  more  homy,  harder,  and  more  firmly  adherent 
to  each  other  than  ia  the  case  in  the  cuticle  proper.  Deeper 
than  the  homy  stratum  is  the  rete  Malpighii  of  the  nail, 
the  oeUs  of  which  are  soft,  as  in  the  cuticle  itself.  The 
cutis  forming  the  bed  of  the  nail  is  studded  with  papilke, 
which  are  arranged  in  almost  paraUel  rows,  and  are  highly 
vascular.  Nails  grow  both  in  length  and  thickness  :  the 
mcrease  in  thickness  is  due  to  the  formation  of  nerve  cells 
on  the  bed  of  the  nail ;  the  increase  in  length  takes  place 
thnmgh  the  formation  of  nail  cells  at  its  root,  and  as  the 
nail  is  thus  slowly  pushed  forward  it  requires  to  be  cut 
at  intervals.  At  the  root,  sides,  and  below  the  free  border 
of  the  nail  the  cntide  ia  continuous  with  the  substance  of 
the  nail  itself. 

J7<nr. — Projecting  from  the  surface  of  the  skin  are  multi- 
tudes of  elongated  cylindrical  homy  stractures,  the  hairs. 
In  the  skin  of  the  scalp,  the  armpits,  and  the  pubis,  they 
are  long  and  numerous ;  but  in  the  eye-brows,  eye-lashes, 
vibrissae  of  the  nostrils,  and  sur£ace  of  the  body  generaUy, 
they  are  short  They  are  stronger  and  thicker  in  the  skin 
of  man  than  of  woman,  more  especially  on  the  cheeks, 
lips,  and  chin.  Hairs  do  not  grow  from  the  skin  of  the 
palms  and  soles,  the  back  of  the  ungual  phalanges,  and  the 
surface  of  the  upper  eye-lids.  Each  hair  is  partially  im- 
bedded in adepression of  theskin,  called Ahair/oUide.  The 
deeper  end  of  the  follicle  is  somewhat  dilated,  and  has  in  ita 
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papilla,  the  hair  papilla.    The  indl  of  the  hair  foDicieii 
fanned  of  the  oonstitaent  Btruclurm  of  the  akin;  the  outer 
partof  the  wall  belongs  to  the  catisy  and  has  been  deimTwri 
as  arranged  in  three  layers,  the  external^  middle^  and  iiuMr 
layer  of  the  hair  follicle.  The  external  and  middle  laycn  are 
formed  of  connective  tissue,  with  blood-vessels ;  vHiikt  the 
inner,  sometimes  called  the  vUreou*  layer ^  ia  tran^nreot 
and  homogeneous,  and  continuous  with  the  8o<»lled  bsee^ 
ment  membrane  of  thecutis.    The  inner  partof  the  wiHd 
the  hair  follicle,  or  the  root-Mknih^  belongs  to  the  cntkk, 
and  consists  of  two  layers,  the  outer  and  inner  root^hest^ 
The  CfiOer  roo^skeath  is  continuous  with  the  rete  Halpghi 
and  consists  of  cells  similar  to  those  of  that  atnatam.    Hie 
umer  roat-theaih  is  continuous  with  the  homy  atratum  ff 
the  cuticle,  and  consists  of  elongated  scale-like  tsanalBna: 
cells  in  which  no  nuclei  can  be  seen. 

A  hair  possesses  a  root»  a  shaft,  and  a  tip ;  the  root  e 
imbedded  in  the  hair  follicle,  whilst  the  shaft  and  tip  ion 
the  free  projecting  part  of  the  hair.  In  the  hwiuui  he 
the  substance  of  the  hair  is  composed  of  n^ffrrrmtfankTr;; 
homy  material,  which  by  the  action  of  strong  aolphiine  ace 
is  resolved  into  elongated,  closely  compacted,  faaifiQna  eefik 
which  in  coloured  hairs  contain  pigment  gramilea.  In  tb; 
thicker  hairs  the  cells  in  the  aads  of  the  hair  are  potygcaa- 
contain  air,  and  form  a  central  pith  or  medvUa^  TW  b^ 
la  invested  by  imbricated  scale-like  cells,  which  fonn  tW 
hair  euHcU.  In  different  ^niiwAk  the  siae  and  relatiw  p*^ 
portion  of  the  cells  of  thecutide,  medulla,  and  fihtvoa  fc 
of  the  hair  present  many  modifications.  The  wool  ol  ta* 
sheep  has  its  cuticle  scales,  with  weU^defined  nwiiii 
margins,  so  that  the  hair  of  this  animal  ia  well  miiap^— i : : 
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felting  into  doth ;  in  the  bat,  also,  the  cuticle  cells  are 
large  and  strongly  serrated.     The  bristles  of  the  pig,  again, 
haye  the  fibrous  part  of  the  hair  largely  developed.    In 
the  deer  tribe  the  hair  oonsiBts  of  polygonal  medulla-like 
cells,  which  contain  air.    The  rootof  the  hair  dilates  at  its 
deeper  end  into  a  bulb  which  embiaoes  the  hair  papilla. 
It  is  softer  in  texture  than  the  shaft,  so  that  the  cellular 
structure  of  the  hair  is  more  easOy  demonstrated.    Next 
the  papilla  the  cells  are  like  those  of  the  rete  Malpighii, 
but  when  traced  onwards  to  the  shaft  they  are  seen  to 
become  differentiated,  both  in  structure  and  composition, 
into  the  proper  hair  cells.    The  root  is  enveloped  in  a  special 
sheath,  tanned  the  ikealh  of  Huxley,  composed  of  nucleated 
cells,  which  sheath,  in  the  more  superficial  part  of  the 
foDide,  blends  with  the  internal  roo^sheatL    The  hair 
papilla  bears  to  the  hair  the  same  relation  as  a  papilla  of 
the  cutis  has  to  its  investing  cutide,  so  that  a  hair  is  to  be 
regarded  as  a  spedaUy  modified  cuticnlar  structure.    The 
human  hair-papilla  is  vascular,  but  no  nerves  have  been 
traced  into  it    In  the  tactile  hairs  of  the  mammalia,  how- 
ever, nerves  have  been  traced  into  their  papillae. 
'    The  bristles,  feathers,  dawsyhoofs,  the  homy  envdope  of 
the  hom  cores  in  the  hollow  homed  ruminants,  and  various 
t^gumentaiy  spines  and  scales,  present  in  many  animals, 
are,  like  hairs  and  nails,  spedal  modifications  of  the 
tegnmantary  system. 

Each  hair  f ollide  has  opening  into  it  the  excretory  duct 
of  a  small  gland,  named  a  $^faeeou$  gUuuL  This  gland 
ooDsists  of  the  excretory  duct,  and  of  from  two  to  twenty 
grapeJike  saccular  expansions  which  open  into  the  duct 
The  wall  of  the  saoculi  and  of  the  duct  is  continuous  with 
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the  vitreous  layer  of  the  outer  wall  of  the  hair  follicle. 
Capillary  blood-vessels  are  distributed  on  the  outer  wall  ol 
the  sacculi.  The  saccidi  are  almost  entirely  filled  with 
polygonal  cells  containing  drops  of  fat,  which  cells  are 
continuous  with  the  epithelial  lining  of  the  gland  duct  and 
the  cells  of  the  outer  root-sheath.  These  glands  secrete  a 
fatty  material,  which  lubricates  the  surface  of  the  hair. 
Sometimes  a  small  parasite,  called  Acarius  foUicidornmy  is 
found  in  a  sebaceous  gland. 

Some  years  ago  KoUiker  described  one  or  two  bundles 
of  smooth  muscular  fibres  extending  from  the  wall  of  the 
hair  follicle  to  the  deep  surface  of  the  cutis;  these  muscles, 
named  arrectores  j^iliy  by  their  contraction  erect  the  hairs, 
that  is,  cause  them  to  become  more  prominent,  and  producu 
the  condition  of  skin,  called  cutis  anserlnu  or  goose  skin, 
well  known  to  occur  when  cold  is  applied  to  the  surfa^ie  of 
the  body. 

Hairs  are  develoi)ed  about  the  4th  month  of  embryo  life, 
within  depressions  in  the  cutis,  which  form  the  future  hair 
follicles,  filled  with  cells  similar  to,  and  continuous  with  the 
epiblast  cells  of  the  rcte  Malpighii.  A  papilla  forms  at  the 
bottom  of  this  depression,  around  w^hich  the  cells  become 
arranged  in  a  bulbous  expansion.  The  cells,  in  Une  with 
the  bulb,  elongate  and  harden,  and  group  themselves  so  as 
to  form  the  shaft  of  the  young  hair,  which  at  this  stage  i^^ 
completely  buried  within  the  follicle.  A  rapid  production 
of  new  cells  takes  place  at  the  bulb,  the  hair  consequently 
increases  in  length,  and  is  pushed  outwards  through  the 
sui)erficial  horny  stratum  of  the  cuticle,  which  had  closed 
in  the  mouth  of  the  depression  or  follicle  in  which  the  hair 
is  produced.     At  the  same  time,  the  more  external  celb 


THE  8EIK.  891 

within  the  foliide  are  piiahed  oatwards  towardB  its  wall, 
and  form  the  cells  of  the  root-sheath.  When  a  hair  is 
palled  out  of  its  follicle  the  cells  of  the  root-sheath  are 
drawn  ont  along  with  it.  A  new  hair  will  be  developed 
at  the  bottom  of  a  follicle  from  which  the  hair  has  been 
shed  as  long  as  cells  continue  to  be  formed  around  the 
papilla.  When  the  growth  of  cells  ceases  within  the  hair 
follicles  then  permanent  baldness  is  the  result 

The  sebaceous  glands  are  developed  as  bud-like  offshoots 
from  the  hair  follicles,  filled,  like  the  follicles  themselves, 
with  cells  continuous  with  the  epiblast  cells  of  the  rete 
MalpighiL  Instead  [of  the  cells  in  these  buds  differentiat- 
ing into  a  hair,  they  become  filled  with  fatty  particles,  and 
the  wall  of  the  bud  assumes  the  characteristic  sacculated 
form  of  the  gland. 

Sweat  Glandsy  or  sudoriparoos  glands,  are  found  generally 
distributed  throughout  the  skin,  but  are  most  abundant  in 
tlie  palms  and  soles,  where  they  number  2500  to  3000  in 
each  square  inch.  In  the  skin  of  the  back,  again,  there 
are  only  between  400  and  500  in  the  square  inch.  Each 
gland  consists  of  a  ball-like  body  lying  in  the  subcutaneous 
tissue,  from  which  a  tubular  duct  proceeds  through  the 
akin  to  open  on  its  free  surface.  The  ball  is  composed  of 
a  convoluted  tube  continuous  with  the  tubular  duct,  and 
terminating  in  a  blind  end.  The  wall  of  the  ^and  tube 
consists  of  a  delicate  nucleated  membrane  Uned  by  columnar 
secreting  cells.  It  is  surrounded  by  connective  tissue 
containing  capillary  blood-vessels.  As  the  gland-duct 
piercee  the  cutis  it  passes  between  the  papilbe ;  in  its  course 
throo^  the  cuticle  it  pursues  a  spiral  direction,  and  has  its 
walls  formed,  not  of  a  distinct  membrane,  but  of  the  cuticle 
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cells  themselves.  The  epithelial  lining  of  the  duct  is 
continuous  with  the  cells  of  the  rete  Malpighii  of  the  cuticle. 
In  the  axilla  and  groin  the  sweat  glands  are  much  larger 
than  in  the  skin  generally.  The  sweat  glands  arise  as 
llask-shapcd  pouches  of  the  rote  Malpighii  projecting  into 
the  cutis,  which  in  course  of  time  become  elongated  into 
tubes,  and  the  cells  contained  in  which  become  the  secreting 
cells  of  the  gland. 

The  cutis,  with  its  vascular  and  nervous  structures,  is 
produced  by  a  differentiation  of  the  cells  of  the  mescK 
blast.  The  two  layers  of  the  epidermis,  with  the  cellular 
prolongations  into  the  hair  follicles,  sebaceous  glands,  and 
sweat  glands,  arc  diftcreutiations  of  the  cells  of  the  epiblast. 


CHAPTEE   VII. 


VASCULAE  SYSTEM. 


The  hmnan  bodj  and  the  bodies  of  all  the  more  highly 
organiided  animals  are  tavevBed  by  a 'system  of  closed, 
branching  tabes  or  pipes,  technically  called  Vessels,  some 
of  which  in  man  are  nearly  an  inch  in  diameter,  others  so 
small  as  to  require  a  microscope  for  their  examination, 
others  again  of  erery  intermediate  size.    In  connection 
with  the  vessels  is  a  central  organ,  the  Heart    The  heart 
and  the  Teasels  coUectirely  constitute  the  Vascular  System. 
When  examined  after  death  the  vessels  are  frequently 
foond  to  be  empty,  but  daring  life  they  contain  fluids. 
Some  contain  Blood,  and  form  the  Sanguif eroos  or  Blood- 
vascular  system;  odiers  contain  Lymph,  and  form  the 
Lymi^-rascular  system.     The  lymph-vascukr  system  is 
DOt  distinct  from  and  independent  of  the  blood-vascular 
system,  but  communicates  with  it  at  several  points.    The 
vaseolar  system  is  a  hydraulic  apparatus,  possessing  a 
pmnp,  pipes,  and  valves.    The  heart  is  tike  pump,  which 
vvorioB,  not  by  the  movements  of  a  piston,  but  by  the  eon- 
traction  of  its  muscular  walls ;  ths  vessels  are  the  pipes 
which  convey  the  contained  flmd,  and  they  are  provided 

in  eectttin  localities  with  valves  for  directing  its  flow. 

2c 
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Blood-Yasculae  System. 

The  blood  flows  through  the  blood-vascular  system  in  a 
given  direction,  and  its  movement  is  called  the  circulation 
of  the  hlood.  In  man  and  the  higher  vertebrates  the  heart 
is  a  double  organ,  i.e.,  it  consists  of  a  right  and  a  left 
portion,  intimately  united  to,  but  not  directly  communicat- 
ing with,  each  other.  The  blood  which  flows  from  its 
right  side  passes  through  vessels  which  traverse  the  lungs, 
and  is  conveyed  to  the  left  side  of  the  heart :  this  is  called 
the  jmlmonary  circulation.  The  blood  which  flows  from 
the  left  side  passes  through  vessels  which  traverse  the  body 
generally,  and  is  conveyed  to  the  right  side  of  the  heart : 
this  is  called  the  systemic  circulation.  The  complete  circu- 
lation, i.e.,  the  passage  of  a  drop  of  blood,  from  one  side  of 
the  heart,  back  again  to  the  same  side,  can  only  be  eff'ect^d 
by  passing  through  both  the  pulmonic  and  systemic  circu- 
lations. Hence  the  complete  circulation  is  sometimes 
called  a  donUle  clrculaiion . 

The  vessels  which  carry  the  blood  away  from  the  heart 
are  called  art<.ries.  The  arteries  branch  and  terminate  in 
a  network  of  vessels  of  microscopic  size  called  capillaries. 
The  vessels  which  convey  the  blood  back  to  the  heart  are 
veins,  and  the  veins  arise  from  the  capillaries.  The 
arteries  and  veins  do  not  communicate  directly  with  each 
other,  but  centrally  through  the  intermediation  of  the  heart, 
and  peripherally  through  the  •  intermediation' of  the  capil- 
laries. Hence,  both  in  the  pulmonary  and  systemic  circu- 
lations, the  blood  in  its  passage  from  the  arteries  into  the 
veins  must  go  through  capillaries.  The  blood  which  flows 
from  the  left  side  of  the  heart  into  the  systemic  arteries  is 
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bright  red,  pore  or  arterial  blood;  as  it  traverses  the 
systemic  capillaries  it  parts  with  certain  of  its  constituents 
to  nourish  the  organs  and  tissues,  and  as  it  also  receives 
from  them  waste  products  it  becomes  impure  blood;  in 
which  condition  it  flows  back  to  the  right  side  of  the  heart 
by  the  systemic  veins  as  dark  red,  or  venous  blood ;  hence 
the  right  side  of  the  heart  ia  often  called  the  venous  side. 
The  blood  which  flows  from  the  right  side  of  the  heart 
along  the  pulmonary  artery  ia  this  dark-red,  venous  blood ; 
as  it  traverses  the  pulmonary  capillaries  it  is  purified  by 
the  action  of  the  air  in  the  lungs,  it  parts  with  carbonic 
add,  takes  up  oxygen,  and  is  changed  into  arterial  or  pure 
blood,  in  which  condition  it  flows  back  by  the  pulmonary 
veins  to  the  left  side  of  the  heart,  which  consequently  is 
called  the  arterial  side.  The  object  of  the  pulmonary 
circulation,  therefore,  is  to  reconvert  into  pure  blood  the 
blood  which  has  been  rendered  impure  during  its  passage 
through  the  systemic  capillaries. 

The  anatomy  of  the  heart,  and  of  the  pericardium,  the 
bag  in  which  it  is  enclosed,  will  first  be  described. 

THE  PEBIOABDIUM. 

The  Pericardium  is  a  bag  which  envelopes  the  heart  It 
IB  situated  in  the  cavity  of  the  thorax,  and  occupies  the 
middle  division  of  the  space  called  mediastinum,  between 
the  two  lungs ;  it  lies  therefore  behind  the  sternum,  and 
in  front  of  the  spinal  column,  but  projects  more  to  the  left 
than  to  the  right  side  of  the  mesial  plane.  Laterally  the 
pericardium  is  in  relation  to  the  lung,  pleura,  and  phrenic 
nerve;  bat  the  Inngs^  when  inflated  during  inspiration. 


If  iiLTic.inliiim,  iitul  lie  between  it  ami  ibc 
ii.l  fv^A]  CiUliliiL'cs.  Tlie  pmcardiiira  is  fcj.a- 
1  tlie  s]iiiic  by  tlie  contents  of  tlie  posteriiT 
im.  It  is  attiicUed  below  to  the  central  ti-nili>n 
ililirai.'m,  ai»l  blonds  above  nitli  tlie  sLoaths  of 
ievsels  vhii.h  imss  to  and  from  the  heart.  Twu 
wU.  tho  >h  ••„o-i--ri-anUa'-  li.j.nm'nU  oi  Lii-^cbka. 
ted  to  its  unterior.snrface;  file  fiifri'i-  l>)n'>,i-,'i 
irtly  from  tlio  back  of  the  manubrium,  and  i.' 
ilinnons  with  tlic  cervical  fascia ;  wliil.-t  the 
,i,<i,i,-,-i  |.riiceeds  from  the  inner  side  of  the  l>a5^■ 
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18  reflected  as  a  covering  upon  those  great  vessels^  and 
is  continued  from  them  oyer  the  exterior  of  the  heart 
itself,  so  as  to  give  it  a  covering,  possessing  a  smooth, 
free,  >  glistening  serous  surface,  which  is  called  the 
visceral  layer  of  the  pericardium,  or  the  epicardium.  The 
serous  lining  does  not  form  a  separate  covering  for  the 
aorta  and  the  pulmonary  arterial  trunk,  but  encloses  them 
in  a  common  sheath ;  each  of  the  great  veins  has  its  own 
investment,  though  the  covering  given  to  the  inferior  cava 
is  very  short,  as  that  vein  opens  into  the  right  auricle 
immediately  on  piercing  the  fibrous  membrane  of  the 
pericardium.  A  fold  of  the  pericardium,  named  by 
Marshall  the  vestigial  fold,  is  situated  between  the  left 
pulmonary  artery  and  immediately  subjacent  pulmonary 
vein.  This  fold  marks  the  position  of  a  vessel  present  in 
the  embryo  heart,  and  known  as  the  left  superior  vena 
cava,  or  duct  of  Cuvier.  The  free  surface  of  the  epicardium 
glides  upon  the  serous  h'ning  of  the  bag  during  the  move- 
ments of  the  heart,  and  the  two  surfaces  are  lubricated  by 
a  little  serous  fluid;  which  under  certain  pathological 
conditions  may  increase  in  quantity,  and  produce  dropsy 
of  the  pericardium. 

TBI  HKABT. 

The  Heart  is  a  hollow  muscle  enclosed  in  the  peri- 
cardium, and  lying  in  the  thoracic  cavity  in  the  middle 
division  of  the  mediastinal  space  between  the  two  pleural 
membranea.  It  is  the  great  motor  organ  for  the  circula- 
tioa  of  the  blood,  and,  though  varying  in  its  dimensions 
with  the  amount  of  blood  that  it  contains,  may  be  said  to 
be  of  mu<*^  the  same  size  as  the  fist  of  the  individual    It 


measures  aboat  five  inches  in  length,  by  thne  ud  t  U: 
in  its  greatest  breadth,  and  is  abont  two  and  a  baU  in^ 
in  thickneas.     Its  wei^t  is  from  nioa  to  ten  ooncca. 


Fia  118.— The'nioridcTneet*. 
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inert,  ^"^  nlni  IT  ud  IS,  Mt  and  rlgbt  tanmuj  uUriiB. 

The  heart  ia  frequently  compaTcd  in  shape  to  a  htt: 
cone,  and  is  directed  obliqaely  from  abovs  downvari^ 
from  right  to  left,  and  from  behiad  forwards  For  dMcr.' 
tive  pnrposM  it  may  be  regarded  as  possessing  a  base.  ^ 
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apex,  an  anterior  and  a'posterior  surface,  a  right  and  left 
border.  The  base  lies  backwards,  upwards,  and  to  the 
right,  opposite  the  4th  to  the  8th  dorsal  yertebrae.  The  apex 
is  directed  downwards,  forwards,  and  to  the  left,  opposite 
to  the  interval  between  the  5th  and  6th  left  ribs,  where  it 
comes  into  relation  with  the  anterior  wall  of  the  chest 
about  1^  inch  below  the  nipple,  and  3^  inches  from  the 
middle  line  of  the  sternum.  The  -anterior  surface  is 
convex,  and  in  relation  to  the  back  of  the  lower  half  of 
the  sternum,  of  the  3d,  4th,  5th,  and  6th  left  costal  carti- 
lages, and  the  3d,  4th,  and  5th  right  costal  cartileges.  The 
pleuns  and  luugs  overlap  this  surface  of  the  heart,  being 
separated  from  it  by  the  pericardium.  The  posterior  surface 
is  flattened,  and  in  relation  to  the  diaphragnt  The  right 
border  is  thin  when  compared  with  the  left  border,  which  is 
shorter  and  more  rounded.  About  two-thirds  of  the  heart  are 
situated  to  the  left  of  the  mesial  plane  of  the  thoracic  cavity. 
The  outer  surface  of  the  heart  is  marked  by  grooves, 
which  indicate  externally  its  division  internally  into  four 
chambers  or  cavities.  One  of  these  grooves,  called  the 
auricvlo-veiUrieular  groove^  runs  around  the  heart,  both  on 
the  anterior  and  posterior  surfaces,  from  border  to  border, 
and  marks  off  the  two  auricles  from  the  two  ventricles. 
This  groove  is  more  distinct  on  the  back  than  on  the  front 
of  the  heart,  for  it  is  concealed  anteriorly  by  the  origins  of 
the  aorta  and  the  pulmonary  artery.  Two  longitudinal 
grooves  extend  from  the  base  to  the  apex  of  the  heart,  one 
on  the  anterior  surface,  the  other  on  the  posterior.  They 
indicate  the  separation  of  the  heart  into  a  right  and  left 
portion  or  side.  The  right  side  consists  of  the  right 
auricle  and  right  ventricle,  the  left  side  of  the  left  auricle 
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and  left  ventricle.  The  two  longitudinal  groove?  are  n.  -t 
distinctly  marked  on  the  ventricular  portion  of  the  ht-;ir:. 
where  they  are  called  the  ventricular  fjroov€s.  The  anf<r<  >, 
vt'ntricular  (frftove  is  nearer  to  the  left  than  to  the  rijL: 
border,  whilst  the  jy ulterior  veniriadar  groovf  is  nearer  to 
the  ri^ht  border.  The  two  grooves  become  continuous  with 
each  other  immediately  to  the  right  of  the  apex  of  the 
heart.  In  one  mammal,  viz.,  the  dugong,  the  ventricular 
grooves  are  deepened  at  the  apex  into  a  wide  cleft,  extend- 
ing l)L'tw(jen  the  two  ventricles. 

To  study  the  chambers  of  the  heart  incisions  should  be 
made  through  the  walls  of  the  auricles  and  ventricles,  when 
all  these  chambers  will  be  seen  to  be  lined  by  a  smooth 
memltrane,  the  rndortfrdluni,  which  is  continuous  on  the 
one  hand  with  the  lining  membrane  of  the  several  veins, 
and  on  the  other  with  the  lininiiij  membrane  of  the  arteries, 
which  conunnnicate  with  the  chambers. 

The  ////////  A  iirirlr  occupies  the  right  part  of  the  base  of 
the  heart.     It  c<nisists  of  a  large  dilated  portion,  the  suih\< 
vr/ctsfts,  and  of  a  small  ear-shaped  appendage,  the  am^i^fd'i. 
Its  muscular  wall  is  smooth  internally.  excej)t  in  the  auri- 
cula and  adjacent  anterior  wall  of  the  sinus  venosus,  where 
it  is  thrown  into  j)arallcl  ridges,  like  the  teeth  of  a  comb, 
named  unmniH  ixrt'ntati.     Into  the  sinus  venOvSiLS  open  the 
great   systemic   veins   or  venie  cavse.     The  super to7'   vena 
earn  conveys  to  the  auricle  the  systemic  blood  that   has 
been    circulating    in   the  l)ody  above  the  diaphragm  ;    it 
opens  by  a  i)atent  mouth  into  the  upper  and  back  part  of 
the  sinus  venosus.     The  i/t/rrior  vrna  cava  conveys  to  the 
auricle  the  blood  that  has  been  circulating  in  the  parts  of 
the  body  below  the  diaphragm  ;  it  opens  into  the  lower  and. 
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back  part  of  the  auricle,  and  at  its  month  is  the  Efutaehian 
valve.  The  valve  of  Enstachlus  is  a  crescent-ahaped  fold 
of  the  endocardium,  situated  in  front  of  the  month  of  the 
inferior  cava:  its  anterior  comu  is  continuous  with  the 
annu]u8  ovalis  on  the  auricular  septum,  its  posterior  comu 
is  lost  on  the  outer  wall  of  the  auricle.  The  valve  in 
the  adult  is  often  perforated  with  holes,  or  is  so  rudimen- 
tary as  to  be  functionless,  but  in  the  foetus  it  is  a  large 
and  important  structure.  Close  to  the  orifice  of  the. 
inferior  cava  is  the  mouth  of  another  large  vein,  the 
<x>r<mary  venow  9iwu8^  which  returns  most  of  the  blood  from 
the  walls  of  the  heart  itself ;  this  orifice  also  possesses  a  small 
crescent-shaped  valve,  the  coronary  or  Thehenan  valve. 
Several  minute  openings,  ^^  foramina  Thebeni,  scattered 
over  the  inner  wall  of  the  auricle,  are  the  mouths  of  small 
veins  ramifying  in  the  wall  itself.  Through  these  various 
orifices  the  venous  blood  pours  into  the  auricle,  and  then 
flows  into  the  right  ventricle  through  a  large  orifice,  the 
riffht  auriculo^oaUrieular  opening,  which  lies  at  the  lower 
part  of  the  auricle  in  front  of  the  inferior  cava.  The  right 
auricle  is  separated  by  a  partition,  the  auricular  septum, 
from  the  left  auricle.  On  the  surface  of  this  septum  is  a 
depression,  the  fossa  ovalis,  surrounded  by  a  raised  border, 
the  (tnnulus  ovalis,  with  which  border  the  inner  end  of  the 
Eustachian  valve  is  continuous.  Before  the  birth  of  the 
child  the  septum  is  perforated  by  a  hole,  called /oram^n 
ovale,  through  which  the  blood  directed  by  the  Eustachian 
valve  flows  from  the  inferior  vena  cava  into  the  left  auricle. 
This  foramen  closes  up  after  the  birth  of  the  child,  but 
sometimes  a  small  orifice,  directed  obliquely  through  the 
■eptnm,  persists  even  in  the  adult. 
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and  left  ventricle.  The  two  longitudinal  grooves  arc  ir.c >t 
distinctly  marked  on  the  ventricular  portion  of  the  heart, 
where  they  are  called  the  ventricular  grooves.  The  anterkrc 
ventricular  groove  is  nearer  to  the  left  than  to  the  right 
border,  whilst  the  posterior  ventricular  groove  is  nearer  to 
the  right  border.  The  two  grooves  become  continuous  with 
each  other  immediately  to  the  right  of  the  apex  of  the 
heart.  In  one  mammal,  viz.,  the  dugong,  the  ventricular 
grooves  are  deepened  at  the  apex  into  a  wide  cleft^  extend- 
\\vf  between  the  two  ventricles. 

To  study  the  chambers  of  the  heart  incisions  should  be 
made  through  the  walls  of  the  auricles  and  ventricles,  when 
all  these  chambers  will  be  seen  to  be  lined  by  a  smooth 
membrane,  the  enchfcardium,  which  is  continuous  ou  the 
one  hand  with  the  lining  membrane  of  the  several  veins, 
and  on  the  other  with  the  lining  membrane  of  the  arteries-, 
w^hich  commiuiicate  with  the  chambers. 

The  liight  Auricle  occupies  the  right  part  of  the  base  oi 
the  heart.  It  consists  of  a  large  dilated  portion,  the  sinus 
venosiis,  and  of  a  small  ear-sha2>ed  appendage,  the  ain^cula. 
Its  muscular  wall  is  sniooth  internally,  except  in  the  auri- 
cula and  adjacent  anterior  wall  of  the  sinus  venosus,  where 
it  is  thrown  into  parallel  ridges,  like  the  teeth  of  a  comb, 
named  77iusculi  perfinati.  Into  the  sinus  venosus  open  the 
great  systemic  veins  or  vena^  cava?.  The  s^nj^erlor  i\^a 
cava  conveys  to  the  auricle  the  systemic  blood  that  ha^^ 
been  circulating  in  the  body  above  the  diaphragm  ;  it 
opens  by  a  patent  mouth  into  the  upper  and  back  part  of 
the  sinus  venosus.  The  inferior  vena  cava  conveys  to  the 
auricle  the  blood  that  has  been  circulating  in  the  parts  of 
the  body  below  the  diaphragm ;  it  opens  into  the  lower  and 
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back  part  of  the  auricle,  and  at  its  month  is  the  EuMtaehian 
valve*     The  valve  of  Enstachins  is  a  crescent-shaped  fold 
of  the  endocardium,  situated  in  front  of  the  mouth  of  the 
inferior  cava:  its  anterior  comu  is  continuous  with  the 
annu]u8  ovalis  cm  the  auricular  septum,  its  posterior  comu 
is  lost  on  the  outer  wall  of  the  auricle.      The  valve  in 
the  adult  is  often  perforated  with  holes,  or  is  so  rudimen- 
tary as  to  be  functionless,  but  in  the  foetus  it  is  a  large 
and  important  structure.      Close  to  the  orifice  of  the 
inferior  cava  is  the  mouth  of  another  large  vein,  the 
cortmary  vefwuB  9inu8f  which  returns  most  of  the  blood  from 
the  walls  of  the  heart  itself ;  this  orifice  also  possesses  a  small 
crescent-shaped  valve,   the  coronary  or  Thebesian  valve. 
Several  minute  openings,  iiM  foramina  Thebeni,  scattered 
over  the  inner  wall  of  the  auricle,  are  the  mouths  of  small 
veins  ramifying  in  the  wall  itself.     Through  these  various 
orifices  the  venous  blood  pours  into  the  auricle,  and  then 
flows  into  the  right  ventricle  through  a  large  orifice,  the 
right  auriculo^veiUrieular  opening^  which  lies  at  the  lower 
part  of  the  auricle  in  front  of  the  inferior  cava.     The  right 
auricle  is  separated  by  a  partition,  the  auricular  septum^ 
from  the  left  auricle.  '  On  the  surface  of  this  septum  is  a 
depression,  the/oMa  ovaliB,  surrounded  by  a  raised  border, 
the  annulua  ovalis,  with  which  border  the  inner  end  of  the 
Eustachian  valve  is  continuous.     Before  the  birth  of  the 
child  the  septum  is  perforated  by  a  hole,  called /oram^n 
cvale,  through  which  the  blood  directed  by  the  Eustachian 
valve  flows  from  the  inferior  vena  cava  into  the  left  auricle. 
This  foramen  closes  up  after  the  birth  of  the  child,  but 
sometimes  a  small  orifice,  directed  obliquely  through  the 
■eptum,  persists  even  in  the  adult. 
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and  left  ventricle.  I'hc  two  longitudinal  grooves  are  rac< 
distinctly  marked  on  the  ventricular  portion  of  the  heart, 
where  they  are  called  the  ventricular  r/rooves.  The  anterior 
ventricular  (jroove  is  nearer  to  the  left  than  to  the  right 
border,  whilst  the  posterior  ventricular  groove  is  nearer  to 
the  right  border.  The  two  grooves  become  continuous  with 
each  other  immediately  to  the  right  of  the  apex  of  the 
heart.  In  one  manniial,  viz.,  the  dugong,  the  ventricular 
grooves  are  deepened  at  the  apex  into  a  wide  clef  t^  extend- 
ing between  the  two  ventricles. 

To  study  the  chambers  of  the  heart  incisions  should  be 
made  through  the  walls  of  the  auricles  and  ventricles,  wheu 
all  these  chambers  will  be  seen  to  be  lined  by  a  smooth 
membrane,  the  endorardiumj  which  is  continuous  on  the 
one  hand  with  the  lining  membrane  of  the  several  veins, 
and  on  the  other  with  the  lining  membrane  of  the  arteries, 
which  comnuuiicate  with  the  chambers. 

The  Jii;//tt  Aurirlr  occupies  the  right  part  of  the  base  of 
the  heart.  It  consists  of  a  large  dilated  portion,  the  sirm^ 
venofius,  and  of  a  small  ear-shaped  a})pendage,  the  auricftla. 
Its  muscular  wall  is  smooth  internally,  except  in  the  auri- 
cula and  adjacent  anterior  wall  of  the  sinus  venosus,  where 
it  is  thrown  into  j)arallL'l  ridges,  like  the  teeth  of  a  comb, 
named  initumH  pectinati.  Into  the  sinus  venosus  open  the 
great  systemic  veins  or  vena^  cava\  The  svpei^ior  rrua 
cava  conveys  to  the  auricle  the  systemic  blood  that  has 
been  circulating  in  the  body  above  the  diaphragm  ;  it 
opens  by  a  patent  mouth  into  the  upper  and  back  part  or 
the  sinus  venosus.  The  ivurior  vena  cava  conveys  to  the 
auricle  the  blood  that  has  been  circulating  in  the  parts  of 
the  body  below  the  diaphragm  ]  it  opens  into  the  lower  aud 
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back  part  of  the  aaricle,  and  at  its  mouth  is  the  Efutaehian 
valve^    The  valve  of  EostachiiiB  is  a  erescent-shaped  fold 
of  the  endocardium,  situated  in  front  of  the  mouth  of  the 
inferior  cava:  its  anterior  comu  is  continuous  with  the 
annuJuB  ovalis  on  the  auricular  septum,  its  posterior  comu 
18  lost  on  the  outer  wall  of  the  auricle.      The  valve  in 
the  adult  is  often  perforated  with  holes,  or  is  so  rudimen- 
taiy  as  to  be  functionless,  but  in  the  foetus  it  is  a  large 
and  important  structure.      Close  to  the  orifice  of  the. 
inferior  cava  is  the  mouth  of  another  large  vein,  the 
coronary  venous  simu,  which  returns  most  of  the  blood  from 
the  walls  of  the  heart  itself ;  this  orifice  also  possesses  a  small 
crescent-shaped  valve,  the  eoronasy  or  Thebesian  valve. 
Several  minute  opem'ngs,  the  foramina  Thehesii^  scattered 
over  the  inner  wall  of  the  auricle,  are  the  mouths  of  small 
veins  ramifying  in  the  wall  itself.     Through  these  various 
orifices  the  venous  blood  pours  into  the  auricle,  and  then 
flows  into  the  right  ventricle  through  a  large  orifice,  the 
right  aurieulo^ventrieukur  opening,  which  lies  at  the  lower 
part  of  the  auricle  in  front  of  the  inferior  cava.    The  right 
auricle  is  separated  by  a  partition,  the  aurictUar  septum^ 
from  the  left  auricle.     On  the  surface  of  this  septum  is  a 
depression,  the  fossa  ovalis,  surrounded  by  a  raised  border, 
the  iMnntUus  ovalis,  with  which  border  the  inner  end  of  the 
Eustachian  valve  is  continuous.     Before  the  birth  of  the 
child  the  septum  is  perforated  by  a  hole,  called /oram^n 
ovale,  through  which  the  blood  directed  by  the  Eustachian 
valve  flows  from  the  inferior  vena  cava  into  the  left  auricle. 
This  foramen  closes  up  after  the  birth  of  the  child,  but 
sometimes  a  small  orifice,  directed  obliquely  through  the 
aeptum,  persists  even  in  the  adult. 
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The  Jli-jhl  or  Anlrrior  Veiitridf  forms  the  riglit  border, 
u  largi;  ]>art  of  the  anterior  surface,  but  only  a  snull 
jiart  of  tliu  i>i«tei'iur  surface  of  the  heart.  It  is  shajxil 
Kiidicwliut  like  a  flattnued  cone,  its  apex  being  directed 
dowiiwurds  towards  the  amx  t>f  tlie  heart,  its  base  to  the 


Two,  or  it  may  be  three,  of  t 
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project  like  nipples  or  big  papillae  into  the  cayity  of 
the  ventricle,  and  are  called  muBculi  papUlares.  Attached 
to  the  free  apex  of  each  papillary  muscle  are  several  fibrous 
threads,  the  chorda  tendinece^  which,  by  their  opposite 
extremities,  aro  connected  to  the  segments  of  a  large  valye 
situated  around  the  opening  between  the  right  auricle 
and  ventricle.  The  right  anriculo-ventricular  opening, 
situated  at  the  base  of  the  ventricle,  is  sufficiently  large  to 
admit  three  fingers,  and  possesses  a  valve,  which  consists 
of  three  large  pointed  segments  or  cusps  (hence  the  name 
tricuspid  given  to  it),  between  which  three  small  inter- 
mediate cusps  lie.  One  of  the  large  cusps  is  opposite 
the  anterior  wall  of  the  ventricle,  another  opposite  the 
posterior,  whilst  tlie  third  is  to  the  left  between  the 
auriculo-ventricttlar  opening  and  the  conus  arteriosus. 
The  cusps  are  flattened  triangular  folds  of  the  endocardial 
membrane  connected  by  their  bases  around  the  opening ; 
when  the  valve  is  not  in  action  the  apex  of  each  cusp 
Itangs  pendulous  in  the  ventricle :  one  surface  is  smooth, 
and  looks  to  the  cavity  of  the  ventricle,  the  other  surface 
is  rough,  and  is  directed  to  its  wall ;  to  this  rough  surface, 
to  the  apex,  and  to  the  edges  of  the  cusp,  the  chordic 
tendines  are  attached.  As  the  musculi  papillares,  from 
which  the  chordae  tendinese  spring,  are  opposite  the  inter- 
vals between  the  cusps,  the  diordse  tendine»  from  any 
given  papillary  mnsde  divide  themselves  into  two  groups, 
one  for  each  of  the  two  cusps  between  which  it  is  situated. 
In  the  mammalian  heart,  and  as  Rolleston  has  shown  in  the 
the  heart  of  the  bird,  a  band  not  unf requently  passes  from 
the  base  of  the  anterior  papillaiy  muscle  to  the  septal  wall 
of  the  ventricle.    As  It  prevents  over-distension  of  the 
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Yentride,  it  has  been  nmined  the  mod/eraiar  hamd.  In  tu 
bird  the  right  aaricnlo-veatriciilar  valve  is  a  muflfnttf 
Btructore. 

The  base  of  the  right  ventricle  f onns  to  the  left  and  » 
front  of  the  aaricnlo-ventricnlar  openini^  a  fannel-ahaped 
prolongation,  the  eoMtf  arteriomu^  from  which  thepUov 
nary  artery  arises^  through  the  intervention  of  a  akroBi 
fibrous  ring.     Sorroonding  the  month  of  this  aiteiy  is  i 
valve  called  MemUunar^  which  oonstBta  of  three  •*«nB— r 
segments.     £ach  segment  ia  attached  by  ita  coovex  boids 
to  the  arteij  where  it  ^rings  from  the  YentndeL    Ik 
opposite  border  is  free»  and  possesses  at  its  centre  a  minvie 
nodule,  the  corpui  AraiUii,  from  which  slender  fibroai 
threads  curve  outwards  at  the  free  border  and  in  the  scb- 
stance  of  the  valve  to  strengthen  it    A  thin  Innated  poitix 
lies  immediatelj  within  the  free  border.    One  sorfaoe  of  tk 
valve  is  convex,  and  directed  to  the  lumen  (i.e.,  the  sgux 
contained  by  the  walls)  of  the  artery ;  the  other  is  ooncaTe. 
and  directed  to  the  wall  of  the  artery,  and  betweeo  it  aoi 
the  wall  is  a  pouch  named  sinuM  of   ValsalrKu     The 
pulmonary  artery  extends  upwards  and  to  the  left  fur 
about  1|  inch,  and  then  divides  into  two  branches,  one  U^ 
each  lung.     The  right  ventricle  is  completely  aeparaled 
from  the  left  by  the  ventricular  upiuw^  which  immn 
obliquely  from  left  to  rights  and  from  before  backwards,  h» 
that  it  forms  the  posterior  wall  of  the  right  ventricle  asi 
the  anterior  wall  of  the  left    The  apex  of  the  aeptnaa  » 
at  the  apex  of  the  heart,  its  base  or  highest  part  is  between 
the  two  auricnlo-ventricolar  openings.    Thnmam  pointed 
out  that  the  highest  part  ia  not  formed  of  moacnlar  fibres 
but  of  the  endocardial  membrane,  strengthened  by  fibrona 
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tissne.  This  part  is  called  pars  memhranacea  gepti.  In 
▼ery  rare  cases  it  is  defective,  and  then  an  opening  of  com- 
manication  exists  between  the  two  ventricles. 

The  Left  Auricle  is  situated  at  the  posterior  and  left 
part  of  the  base  of  the  heart,  and,  like  the  right  auricle, 
consists  of  a  dilated  tinus  verumis  and  an  ear-shaped 
appendage/,  the  anrieuku  Its  muscular  wall  has  a  smooth 
surface  internally,  except  in  the  auricula,  where  the  comb- 
like musculi  peeh'naH  occur.  Opening  into  the  posterior 
part  of  the  sinus  venosns  are  the  orifices  of  the  four  pul- 
numary  veins,  two  from  the  right,  two  from  the  left  lung ; 
theee  orifices  are  without  valves.  At  the  lower  part  of  the 
auricle  is  the  large  left  avricnh-verUricular  orifice  of  com- 
munication between  it  and  the  base  of  the  left  ventricle. 
The  auricular  septum  is  marked  by  a  slight  depression, 
which  indicates  the  position  of  the  foramen  ovale  in  the 
foetal  heart.  The  auricular  appendix  is  somewhat  longer 
than  on  the  right  side,  and  curves  forward  by  the  side  of 
the  pulmonary  artery. 

The  Left  or  Posterior  Veniriele  forms  the  left  border, 
the  apex,  a  large  part  of  the  posterior  surface,  but  only  a 
small  part  of  the  anterior  surface  of  the  heart.  It  is  conical 
in  form,  its  apex  is  at  the  apex  of  the  heart,  the  base  at 
the  corresponding  auricle.  As  in  the  right  ventricle,  the 
inner  surface  of  its  wall  is  elevated  into  fleshy  columns, 
two  of  which  project  like  nipples  into  the  cavity  and  form 
large  muscult  papUtareSj  which  have  chordce  tendinece  con- 
nected with  them.  The  kft  auriculo-ventricular  opening, 
situated  at  the  base  of  the  ventricle,  is  large  enough  to 
admit  two  fingers.  It  possesses  a  valve,  which  consists  of 
two  large  pointed  segments  or  cusps,  hence  it  is  called  the 
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bicuspl'l  valve;  and  as  these  cusps  are  placed  one  in  front 
of  the  other  like  the  segments  of  a  bishop's  mitre,  the  name 
mitral  valve  is  often  given  to  it.  The  cusps  agree  in  shape, 
general  arrangement,  and  mode  of  attachment  "with  those 
of  the  tricuspid  valve,  but  they  are  stronger.  The  more 
posterior  segment  lies  in  relation  to  the  posterior  wall  of 
the  ventricle  :  the  more  anterior  segment  lies  obliquely 
between  the  auricular  and  aortic  orifices,  and  is  charac- 
terized by  being  smooth  on  both  its  surfaces.  At  the 
andes  between  the  bases  of  attachment  of  the  two  larize 
cusps  of  this  valve  two  small  intermediate  cusps  are 
situated.  The  chord<B  tendinecr,  springing  from  each  mus- 
CLilus  papillaris  separate,  as  on  the  right  side,  into  two 
groups,  one  for  each  of  the  two  cusps. 

From  the  base  of  this  ventricle  the  great  systemic  artery 
or  aorta  arises  through  the  intervention  of  a  strong 
fibrous  ring.  The  mouth  of  the  aorta  is  surrounded  by  a 
three-segmented  soniluifar  valve,  similar  in  form,  mode  of 
attachment,  and  structure  to  the  semilunar  pulmonary  valve, 
but  with  thicker  and  stronger  segments,  and  jwssessing 
more  strongly  marked  sinusis  of  Valmlva.  The  segments 
are  placed,  one  in  relation  to  the  posterior  wall  of  the  aorta, 
and  two  to  its  anterolateral  wall.  The  base  of  each  ventricle 
has  therefore  two  openings  in  it,  one  for  communication 
with  the  auricle,  the  other  with  the  great  artery  arising 
from  the  ventricle.  The  auriculo-ventricular  openings  are 
the  most  posterior,  and  almost  in  the  same  transverse  plane ; 
the  aortic  opening  lies  in  front  of  the  interval  between  the 
two  auriculo-ventricular,  and  the  pulmonary  opening  is  in 
front  of  the  aortic, 
^    The  relation  which  these  openings  have  to  the  anterior 
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wall  of  the  chest  ie  of  importance  in  connection  with  the 
diagnoeiB  of  disease  of  the  Talves.  The  pulmonary  open- 
ing lies  behind  the  articulation  of  the  third  left  costal  car- 
tilage with  the  sternum,  and  the  trunk  of  the  pulmonary 
artery  ascends,  prior  to  its  bifurcation,  as  high  as  the  le^el 
of  the  second  left  costal  cartilage.  The  aortic  opening, 
somewhat  lower  down  than  the  pulmonary,  and  posterior 
to  it,  is  situated  behind  the  left  border  of  the  sternum,  on 
a  level  with  the  third  intercostal  space.  The  right  auriculo- 
ventricular  or  tricuspid  opening,  lies  behind  the  sternum, 
on  a  level  with  the  fourth  pair  of  costal  cartilages.  The 
left  auriculo-ventricular  or  mitral  opening  is  on  the  same 
plane  as  the  right  tricuspid  opem'ng,  but  to  its  left  side. 

Structure. — The  walls  of  the  cavities  of  the  heart  are 
chiefly  formed  of  striped  muscular  fibre,  over  the  contrac- 
tions of  which  the  Will  exercises  no  control;  but,  in  addition, 
connective  tissue,  a  little  fibro-cartilaginous  tissue,  the 
endocardium,  and  vesseb  and  nerves  are  also  found. 

The  muscular  fibres  are  collected  into  fasciculi,  which 
have  a  reticulated  arrangement,  and  the  fibres  themselves 
branch  and  again  unite  to  form  a  complicated  network. 
The  fibres  of  the  walls  of  the  auricles  are  distinct  from 
those  of  the  ventricles,  so  that  the  auricular  and  ventricular 
compartments  axe  connected  together,  not  by  an  inter- 
change of  muscular  tissue,  but  by  an  intermediate  ring- 
like arrangement  of  fibres  of  connective  tissue,  known  as  the 
aurieul<HfetUrteular  rings.  The  muscular  fasciculi  of  the 
auricles  are  arranged  in  two  strata.  The  deeper  stratum 
consists  of  fibres  proper  to  each  anride,  some  of  which  run 
obliquely  in  the  wall,  others  surround  the  auricula,  and 
othen  are  prolonged  in  rings  into  the  coats  of  the  venn 
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v...-*..  A::i  I  v.*:v.;;:::.r\-  veir.s.  whilst  fibres  extend  loncitu- 
...../..  :.:.i  vl/..  u/.y  :J  l^  the  wall  of  the  coronary  venous 
?.:..>.  T„"  >i::-:r~.:il  ?:r.i:iim  consists  of  fasciculi,  which 
r:::.  kl'/  v./.y  ::r.^'zi  oue  auricle  tu  the  other  on  both  the 
a:.:-,  r:  r  ..::,i  :-.  -t^r:  r  <ur:\i.X'S,  and  are  said  to  be  prolong^ 

T'.  V  u.u-vul.r  Avail  .'f  :Le  ventricles  is  much  thicker  than 
:!...:  ».•:   :br  ar.ri.'.i>.  and  the  wall  of  the  left  ventricle  is 
a\>u:  tl.rv.  ::::.<.>  iLickt-r  than  the  riiiht.     The  fibres  varv 
in  tbi  r  v".:rt\:i.::  in  d;z\rtnt  parts  of  the  thickness  of  the 
v«.n:r:vn..ir    wa/i-.       Ti:e    superticial   external    fibres    run 
•n  lie  ar.ivri^-r  surface  of   the  ventricles  obliquely  from 
al  v'V"  d  •wii\\..:dt.  and  fr- -ni  rijht  to  left,  and  dip  iuto  the 
;.:;!•. :ijr  Vtntri.n".;.r  L:r»ove  to  enter  the  septum,  whilst  on 
tile  i\'>:<:nor  sur::.ce  th-.y  extend  across  the  posterior  ven- 
tr.cuiar   ^r.'.'ve.       At   tl.e   apex   of    the  heart    they  turn 
in\vai\l>  in  a   NvhvM\-like  m.\::ner,  and,  as   was  known  to 
L  nvcr  a'.d  (Urdy.  bec>»nie  continuous  with  superficial  fibres 
i.*\\  the  inner  wall  of  the  ventricle.     At  the  base  of   the 
ventricle^,   some    of    the    superticial    external    fibres    are 
attached  to  the  auricuk>-ventricular  and  arterial  rinsrs,  but 
the  LTeatcr  number  turn  round  the  boixler  of  the  auriculo- 
Ventricular  o]>eninL:>,  and.  as  Pettiirrew  has  shown,  become 
continuous  with  the  superticial  internal  fibres,  which  mn  ob- 
liquely in  the  reverse  direction.     The  internal  fibres  are  also 
prolonged  into  the  musculi  [lapillares,  the  chordie  tendine»e 
s[)ringing  from  which  serve  therefore  as  tendons  of  inser- 
tion of  these  muscles.     Deej^er  in  the  substance  of  the  wall 
the  fibres  are  arranged  in   ditferent  degrees  of  obliquity, 
and  about  the  centre  of  the  thickness  of  the  wall  are  seen 
to  lie  in  the  horizontal  plane.     Various  anatomists  have 


THE  UEABT.  .    409 

described  these  fibres  of  the  ventricles  as  arranged  in  layers. 
Lower  recognised  two  layers  spirally  crossing  each  other ; 
Haller,  three ;  Wolff,  three  in  the  right  and  six  in  the  left 
Yentride.  Pettigrew  at  one  time  believed  he  could  dissect 
nine  layers,  but  has  subsequently  reduced  the  number  to 
seven — ^three  external,  a  fourth  or  central,  and  three 
internal  He  conceives  that  the  fibres  of  the  three  external 
layers  run  in  a  spiral  direction  from  left  to  right  down- 
wards, the  first  layers  being  more  vertical  than  the  second, 
and  the  second  than  the  third,  whilst  the  fibres  of  the 
fourth  or  central  layer  are  horizontal  The  three  internal 
layers  also  run  spirally,  but  In  the  reverse  direction  from 
the  external,  with  which  they  become  continuous  both  at 
the  base  and  apex.  The  subdivision  of  the  ventricular 
wall  into  such  precise  and  determinate  layers  as  is  implied 
in  the  descriptions  of  Pettigrew  is,  however,  an  artificial 
procedure.  There  can  be  no  doubt,  as  his  dissections  so 
beautifuUy  show,  that  the  direction  of  the  fibres  in  the 
ventricular  wall  varies  at  different  depths;  but  owing  to  the 
reticulated  arrangement  of  the  fibres,  not  only  are  those 
connected  together  which  lie  in  the  same  plane  in  one  of  the 
8(H»tlled  layers,  but  they  also  anastomose  with  the  fibres 
in  the  layers  immediately  superjacent  and  subjacent  to  it. 
Hence  when  one  layer  is  peeled  off,  that  immediately  sub- 
jacent exhibits,  not  a  smooth  face,  which  it  would  have 
done  had  the  definition  of  the  layers  been  distinct,  but  a 
lou^  appearance,  due  to  the  rupture  of  intermediate 
connecting  muscular  fibres.  The  fasciculi  form,  there- 
fore, a  network,  the  strands  of  which  are  arranged  in  two 
directions,  one  panllel  to  the  surfaces  of  the  ventricles, 
the  other  passing  from  the  inner  to  the  outer  surface  of 
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the  wall.  Owing  to  these  connections  the  substance  of  the 
wall  of  tlie  ventricle,  as  Henle's  dissections  show,  may, 
with  the  exception  of  the  superficial  internal  and  superficial 
external  fibres,  be  si)lit  up  into  lamella?,  which  extend 
either  horizontally,  obliquely,  or  in  an  arched  manner 
t]irouij;]i  the  wall  between  its  two  surfaces  ;  and  the  surfaces 
of  those  lanielhv  are  not  parallel  to  the  wall  of  the  ven- 
tricle, but  are  directed  upwards  and  downwards. 

The  connective  tissue  of  the  heart  is  only  small  in  quan- 
titv  between  the  muscular  fasciculi.     At  the  base  of  the 
ventricles  it  is  collected  in  a  ring-like  arrangement  around 
the  auriculo-ventricnlar  and  arterio-ventricular  openings, 
and    forms  the   auriculo-ventricular   and  arterial    fibrous 
rings.      These  rings  are   in    part   composed   of   a  tisi^ue 
resembling  white  fibro- cartilage  and  in  part  of  elastic  fibres. 
In  some  animals,  as  the  ruminants,  a  bone,  the  os  ronlijt,  is 
developed  in  the  interval  between  the  aortic  and  auricuh>- 
ventricnlar  o})enings.     The  rings  give  origin  to  some  of  the 
nuiscular  fibres  of  the  ventricles  and  auricles,  and   send 
bundles  of  fibrous  tissue  into  the  auriculo-ventricular  and 
aortic  valves,  whilst  the  arterial  rings  are  prolonged  int** 
the  middle  coats  of  the  aorta  and  pulmonary'  artery.    Owing 
to  the  close  relation  between  the  base  of  the  anterior  cusp 
of  the  mitral  orifice  and  the  aortic  orifice,  the  fibrous  rings 
of  these  two  o[»enings  become  blended  together. 

The  endocardium  consists  of  connective  tissue  and  elastic 
fibres,  with  a  layer  of  endothelium  on  the  free  surface ; 
and  Schv/eigLTcr-Seidel  has  also  described  smooth  miiscular 
fibres  in  it.  Hence,  as  Luschka  has  stated,  the  endocardium 
represents  not  merely  the  inner  coat  of  the  blood-vessels 
but  all  the  structures  of  the  vascular  wall.     Purkinje  de- 
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scribed  fibres  beneath  the  endocardinm,  which  are  now 
regarded  as  imperfectly  formed  striated  muscular  fibres. 
The  yalves  are  folds  of  the  endocardium,  enclosing  fibres 
continuous  with  those  in  the  fibrous  rings ;  the  cuspidate 
auriculo-ventricular  valves  receive  fibres  from  the  chorda 
tendineae,  and  muscular  fibres,  continuous  with  those  of  the 
'  auricles,  are  prolonged  for  a  short  distance  into  the  cusps. 
The  semilunar  and  cuspidate  valves  are  vascular;  fine 
arteries,  derived  from  the  coronaiy,  pass  between  the  two 
layers  of  each  valve,  and  terminate  in  a  capillary  plexus. 

The  heart  is  well  supplied  with  blood,  not  by  the  blood 
which  flows  through  its  cavities,  but  by  two  special  coro- 
nary arteries  which  ramify  in  its  walls,  and  end  in  nume- 
rous capillaries  lying  between  the  fibres.  From  these 
capillaries  the  coronary  veins  arise,  which  join  to  form  the 
coronary  venous  sinus.  Lymphatic  vessels  occur  both  in 
the  endocardium  and  pericardium,  and  apparently  ramify 
in  the  muscular  wall  The  nerves  of  the  heart  have  been 
dissected  especially  by  Scarpa,  Remak,  Lee,  and  Pettigrew, 
and  numerous  small  ganglia  described  in  connection  with 
them  (p.  317). 

The  blood  flows  from  the  capillary  networks  along  the 
great  veins  into  the  auricles ;  the  systemic  veins  convey  it 
into  the  right  auricle,  the  pulmonary  veins  into  the  left 
The  blood  is  then  propelled  by  the  contraction  of  the 
muscular  waUs  of  the  auricles  through  the  auriculo-ventri- 
cular openings,  the  valves  of  which  open  outwards,  into  the 
ventricles.  When  the  ventricles  are  distended,  their  mus- 
cular walla  contract  and  force  the  blood  into  the  arteries — 
the  right  ventricle  into  the  pulmonary  artery,  the  left  into 
the  aorta — ^the  valves  at  the  mouth  of  each  artery  opening 
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oatwaidfl  to  allow  of  the  free  passage  of  the  fluid  To 
preveDt^  duiJug  the  ventrieiilar  contraction,  the  regnxgita- 
tion  of  blood  into  the  aurides,  the  auriculo-ventricnlar 
▼alTCB  are  floated  awaj  from  the  sides  of  the  ventricle 
across  their  respectiTe  openings,  and  by  the  apposition 
and  slight  overlapping  of  their  edges  temporarily  close 
the  opening.  The  tilting  npwarda  of  the  valves  into  the 
anride  is  prevented  by  the  contraction  of  the  muscnli 
papiUaies  and  their  connection  with  the  cnsps  of  the 
valve  throagh  the  chordsa  tendinen.  Pettigrew  has  shown 
that  casts  of  the  ventricular  cavities,  more  especially  of 
the  left,  have  the  form  of  a  doable  cone,  spirally  twisted 
from  right  to  left,  and  has  described  the  blood  as 
forced  in  spiral  streams  against  the  nnder  surface  of  the 
segments  of  the  valve,  which  are  twisted  and  wedged  into 
each  other  so  as  to  prevent  regurgitation.  The  propulsion 
of  the  blood  into  the  arteries  distends  the  dastic  wall  of 
those  tubes;  but  when  the  ventricular  contraction  has 
ceased,  the  elastic  wall  recoils,  and  the  blood  is  propelled 
onwards  into  the  capillaries  in  the  course  of  the  circulation. 
The  regurgitation  of  the  blood  from  the  arteries  into  the 
ventrides  is  prevented  by  the  closure  of  the  semilunar 
valves,  the  segments  of  which  are  thrown  across  the  arterial 
orifices  through  the  pressure  exercised  by  the  elastic  re- 
bound of  the  arterial  walls  on  the  column  of  the  blood  in 
the  lumen  of  the  artery  and  in  the  sinuses  of  Valsalva. 

If  we  commence,  therefore,  at  the  pulmonary  capillaiy 
system,  where  the  blood  becomes  pure  or  arterial,  we  find 
that  it  flows,  as  arterial  blood,  successivdy  into  the  pul- 
monary veins,  left  auride,  left  ventride,  aortic  system  of 
arteries,  and  systemic  capillarie&    In  the  systemic  capil- 
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laries  it  becomes  venous  blood,  and  in  that  condition  flows 
into  the  systemic  veins,  right  auricle,  right  ventricle,  pul- 
monary system  of  arteries,  and  pulmonary  capillaries. 


THE    ARTERIES. 

These  vessels  were  named  arteries  by  the  older  anato- 
mists, on  the  supposition,  now  known  to  be  erroneous,  that 
they  contained  air.     The  t€rm  artery  is  now  employed  to 
express  a  blood-vessel,  which,  arising  either  directly  or 
indirectly  from  the  heart,  conveys  blood  away  from  that 
organ  into  a  network  of  capillaries.     Arteries  divide  and 
subdivide  into  smaller  ve.ssels  in  their  course,  and  to  the 
individual  branches  descriptive  names  are  applied.     Some 
of  these  names  express  the  position  of  an  artery,  as  sub- 
clavian, axillary ;  others,  the  organ  in  which  it  is  distri- 
buted, as  })ulmonary,  hepatic ;  others  a  peculiarity  in  its 
course,  as  circumflex,  coronary.     The  branches  of  arteries 
may   be   either   collateral    or   tei'viirhaL      The   collateral 
branches  arise  from  the  sides  of  the  parent  artery  either 
at   an   acute,   a  right,  or   an   obtuse   angla      Terminal 
branches  arise  at  an  acute  angle  by  the  bifurcation  of  the 
parent  artery,  which  is  the  most  common  form,  or  by  the 
breaking  up  of  the  artery  into  a  cluster  of  branches.     An 
artery  does  not  diminish  in  calibre  from  the  origin  of  one 
branch  to  the  origin  of  the  next  succeeding  branch.     The 
calibre  of  each  branch  is  less  than  that  of  the  stem  from 
which  it  arises,  but  the  sum  of  the  calibre  of  the  different 
branches  is  greater  than  that  of  the  stem  from  which  they 
spring. 

Branches  which  arise  either  from  the  same  artery   or 
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from  different  arteries  may  be  distributed  in  a  common 
locaUty,  may  there  nnite  together,  and  form  what  is  called 
an  inosculatum  or  ancutamasis,  so  that  the  blood  from  one 
artery  may  thus  flow  from  it  into  another.     The  inoscula- 
tions of  the  branches  of  the  same  or  of  adjacent  arteries 
are  of  great  importance  with  reference  to  the  mode  in 
which  a  part  receives  its  supply  of  blood  when  the  main 
artery  is  obstmctedy  for  through  these  anastomoses  secon- 
dary channels  are  provided  along  which  the  blood  may 
flow  to  a  part     The  most  common  anastomosis  is  by  the 
formation  of  loops  between  adjacent  branches;  but  some- 
times,  as  when  the  two  vertebral  arteries  join  to  form  the 
basilar,  a  convergence  of  two  almost  straight  arteries  takes 
place;  and  in  other  cases,  as  where  the  two  anterior  cere- 
bral arteries  are  joined  together  by  the  anterior  com- 
municating, a  connecting  branch  passes  transversely  across 
the  mesial  plane.    A  more  complex  form  of  anastomosis 
is  when  an  arteiy  (and  a  similar  arrangement  is  some- 
times found  in  veins)  rapidly  subdivides  into  numerous 
branches,  which  may  again  join  to  form  a  trunk  either 
with  or  without  the  formation  of  a  plexus.    This  is  called  a 
reU  mirabile^  an  arrangement  not  uncommon  in  the  cetacea, 
and  also  found  in  the  internal  carotid  arteries  of  rumi- 
naats,  in  the  mesenteric  arteries  of  the  pig,  in  the  arteries 
of  the  limbs  of  the  sloths  and  lemurs,  in  the  caudal  arteries 
of  the  armadillo,  and  in  the  arterial  ^stem  of  fishes     The 
only  examples  of  a  rete  in  the  human  body  are  the  glo- 
meruli, or  convoluted  Malpighian  tufts  of  the  kidney,  and 
the  arterial  distribution  in  the  coccygeal  and  intercarotic 
bodies. 


Vi~-\' 


1_.   : :  ..-7  jT  U7    ::'  c^rrene^  cinsists  of  the  trunk 

.:  :".-    '  _  ...  :.-:t  ^r.-.rr  :^i  v;:  ::^  brar.cLtrs.     {Yi.z.  116, 

T:.r  7:.:NK  .:  :ir  :  VLMOXAKY  AKTERY  arises 
:r.„  :"„r  .  :.  .^  :.r:-. r.-i-us  c:  the  riziit  ventricle.  It  i:^ 
;i":«.u:  :v<     .i^/i-.s  '.  :.::.   j.::i   :.iiv-e>  u;<wards,  backwards, 
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^L  ;  :.  :'it  '.;::  :.^  Lijh  as  tht-  Icvtl  of  the  second  left 
c->:v/.  c..:::.  .^-.,  vxLti:  ::  civ^it-s  ii.ro  the  riiiht  and  left 
;  v-lz.  :...ry  ":  r:.:..i:r>.  I::  i:^  c.•l:^^t  it  lies  at  lirst  in  front 
». :  tliv;  ^ :_:"::  ^:  ::.r  a.rta,  ar.i  then  j»;is>es  to  the  left  of 
tr.r  ..^:i:./.!:  .:  ;  :.r:  «. :  t':.t-  a.rtio  arch,  to  bifurcate  into  its 
two  :.:::.iL./-  lra:;::.-.s  iiLiiic jiatelv  btrlow  the  transverse 
I'.irt  i.:  ::.v  .^r.h.  It  is  a::aoL-.d  to  the  aorta  bv  areolar 
tis-ue.  a:..i  :"-:v  two  ^rc-  iLvesicd  by  a  common  envelope  of 

The  Fki'Hi  PiiM-NAEY  AKTiiRV  passcs  to  the  right 
alu^o^t  t:-v.L>vc:>v":v  bchii:d  the  a^coudino:  aorta  and  the 
tuperiLT  vcL.:  cava  tu  the  roct  of  the  riirht  lung,  where  it  lies 
OL'twcfii  the  t:J\:  pi:'iuonary  vein  and  the  bronchial  tube. 

The  Left  Iilmoxaky  af.ikf.v  is  shorter  than  the  right 
It  riHi>  in  front  oi  the  descending  aorta  to  the  root  of  the 
left  luncr,  where  it  lies  above  the  bronchus  and  pulmonary 
vein.  A  tibrous  cord,  the  remains  of  the  ductus  arte- 
riosus, is  attached  on  the  one  hand  to  the  left  pulmonary 
artery  close  to  its  origin,  and  on  the  other  to  the  lower 
surface  of  the  transverse  part  of  the  aortic  arch.  In  the 
foetus  the  ductus  arteriosus  is  a  short  wide  vessel,  which 
conveys  blood  directly  from  the  pulmonary  artery  into  the 
aorta.    After  the  birth  of  the  child  it  is  no  longer  required. 
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and  sliriYels  up  into  a  fibroas  cord.  The  distribution  of 
the  pulmonary  arteries  in  the  lungs  will  be  afterwards  de- 
scribed. 

AOBTIO  OB  STSTKKIC  OBOUP  OF  ABTEBIES. 

This  group  consists  of  the  aorta  and  of  the  branches, 
which  arise  either  directly  or  indirectly  from  it 

The  AORTA  is  the  great  systemic  arterial  trunk,  and  lies 
in  the  cavities  of  the  thorax  and  abdomen.  It  arises  from 
the  base  of  the  left  ventricle  of  the  heart,  and  forms  above 
the  root  of  the  left  lung  an  arch,  the  carch  of  the  aorta;  it 
then  descends  in  dose  relation  to  the  thoracic  spine,  as  the 
deieending  thoracic  aorta  ;  it  next  passes  through  the  aortic 
<^)ening  in  the  diaphragm,  enters  the  cavity  of  the  abdomen, 
and  becomes  the  ohdomifMl  aorta.  In  the  abdomen  it 
descends  in  front  of  the  bodies  of  the  lumbar  vertebne  as 
low  as  the  fourth,  where  it  is  usually  described  as  dividing 
into  the  two  terminal  branches,  the  common  iHac  arteries. 
At  the  angle  of  bifurcation,  however,  a  long  slender  artery, 
called  the  middle  muraJL^  is  prolonged  downwards  in  front 
of  the  sacrum  to  the  end  of  the  coccyx.  In  animals  with 
long  tails  tlus  artery  can  be  recognised  as  a  direct  con- 
tinuation of  the  aorta,  prolonging  it  downwards  in  front  of 
the  caudal  vertebra,  whilst  the  iliacs  are  seen  to  be  coUa. 
teral  branches ;  but  in  man,  where  the  coccyx  is  rudimen- 
tary, and  the  lower  limbs  largely  developed,  the  iliac  arto- 
riea,  which  supply  those  limbs,  are  so  big  as  to  obscure  the 
true  signification  of  the  middle  sacral  arteiy,  and  appear 
themselves  to  be  the  terminal  branches  of  the  aorta. 

The  Abch  OFTHB  AoBTA  springs  from  the  base  of  the  left 
ventricle  on  a  level  with  the  third  pair  of  intercostal  spaces 
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the  pulmonary  artery  at  its  bifurcation,  and  has  connect eti 
1 3  it  the  ubliterated  ductus  arteriosus.  Its  upper  surface 
gives  origin  to  the  three  arteries  for  the  head,  neck,  and 
ujtper  linibs,  and  is  in  relation  to  the  left  brachio-cephalic 
Vein. 

The  descending  part  of  the  arch  is  covered  by  the  left 
pleura  and  overlapped  by  the  left  lung,  whilst  the  oes4.»- 
pha^^us  and  thoracic  duct  are  to  its  right  side.  The  rm-t 
of  the  left  lung  lies  in  the  concavity  of  the  arch  of  the 
a.irta. 

The  DEscEXDixa  Thoracic  Aorta  is  continuous  with 
the  dcscendini^  part  of  the  arch.  It  extends  from  the  lower 
border  of  the  left  side  of  the  body  of  the  fifth  dorsal  ver- 
tebra, as  far  as  the  front  of  the  body  of  the  last  dorsal 
vertebra,  where  it  passes  through  the  opening  between  the 
pillars  of  the  diaphragm  and  becomes  the  abdominal  aorta- 
It  is  in  contact  with  and  follows  the  curvature  of  the 
thoracic  spine,  and  inclines  from  its  left  side  to  its  anterior 
surface.  It  lies  in  the  posterior  mediastinal  division  of 
the  inter])leural  space,  and  is  partially  covered  by  the  left 
pleura.  The  left  lung  and  pericardium  are  anterior  to  it. 
The  oesophagus  is  at  first  to  its  right  side,  but  crosses  in 
front,  so  as  to  lie,  immediately  above  the  diaphragm,  to  its 
left  side.  The  thoracic  duct  and  greater  azygos  vein  are  t«: 
its  right  side,  but  the  smaller  azygos  vein  passes  behind  it 

The  Abdominal  Aorta  is  directly  continuous  with  the 
descending  thoracic  aorta.  It  extends  from  the  front  if 
the  last  dorsal  vertebra  as  far  as  the  body  of  the  fourth 
lumbar,  where  it  bifurcates  into  the  two  common  ilia..: 
arteries,  a  little  to  the  left  of  the  mesial  plane.  It  b'es  oa 
the  bodies  of  the  upper  four  lumbar  vertebrae  and  discs,  a^i 
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is  separated  from  the  anterior  abdominal  wall  by  the 
stomach,  pancreaa,  tranBTerse  colon,  transverse  part  of 
dnodenmn,  mesentery,  and  coils  of  small  intestine :  the 
splenic  artery,  and  the  splenic  and  left  renal  veins  are  also 
in  relation  to  its  anterior  surface.  It  is  to  a  great  extent 
suiToanded  by  the  aortic  nervous  plexus  of  the  sympathetia 
The  inferior  vena  cava,  greater  azygos  vein,  and  thoracic 
dact  are  in  contact  with  its  right  side.  Lymphatics,  veins 
and  glands  lie  on  the  spinal  column  in  dose  relation  to  it 
The  aorta  gives  direct  origin  to  numerous  branches,  which 
may  be  arranged  in  four  groups. — 1st,  Branches  for  the 
supply  of  the  viscera  of  the  thorax  and  abdomen  proper ; 
2d,  branches  for  the  walls  of  the  thorax,  abdomen,  and 
pelvis ;  3d,  branches  for  the  head,  neck,  and  upper  limbs ; 
4th,  branches  for  the  lower  limbs,  pelvic  walls  and 
TOcera. 

FIRST  GROUP. — VISCBBAL  BRANCHES  OF  THB  AOBTA« 

The  branches  of  the  aorta  which  supply  the  viscera  may 
be  arranged  in  two  groups, — those  which  pass  to  the 
thoracic  viscera,  and  those  which  pass  to  the  viscera  of  tlie 
abdomen  proper. 

*^'  The  branches  of  the  aorta  which  supply  the  Viscera  of 
the  Thorax  are  the  coronary,  the  oesophageal,  the  bronchial, 
and  the  pericardial  arteries. 

'  The  Coronary  arteries,  two  in  number,  are  the  first 
Insaches  of  the  arch  of  the  aorta,  and  arise,  opposite  the 
right  and  left  antero-lfteral  segments  of  the  semflnnar 
Talve,  from  the  wall  of  the  aorta,  where  it  dilates  into  the 
nnuaes  of  Valsalva.    The  ri^ht  oonmary  arteiy  runs  in 
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the  aurioulo-ventricular  groove  to  the  right  border  and 
po>terii^r  surface  of  the  heart,  and  gives  off  branches  to 
tlie  ri jlit  ainicle  and  ventricle.  A  long  branch  descends  in 
the  I'o^terii^r  ventricular  groove  to  suj)ply  the  ventricles. 
The  l'/(  ruroinirij  artery  runs  behind  the  pulmonary  artery 
to  the  auriculo-ventriciilar  groove,  and  then  round  the  left 
bi>riier  of  the  heart  to  its  posterior  surface.  It  supplie> 
the  left  auricle  and  ventricle,  and  sends  a  long  branch  to 
tlie  apex  vi  the  heart  in  the  anterior  ventricular  groove. 
AeconlinLT  to  si^iue  observers,  the  mouths  of  the  coronarv 
arteries  are  covered  by  the  opening  outwards  of  the  aortic 
valves  during  the  ventricular  contraction;  whilst  the  elastic 
recoil  of  the  ai»rta  following  that  contraction  would,  it  is 
said,  not  only  close  the  aortic  orifice,  but  drive  the  bloo<l 
into  the  coronary  arteries.  As  these  arteries  break  up  into 
Inanclics  in  the  muscular  walls  of  the  heart,  a  sudden 
turgocence  of  its  walls  would,  according  to  Briicke  and 
A.  H.  (tarrod,  result  from  the  filling  of  these  vessels,  and 
be  the  cause  of  the  dilatation  of  the  ventricular  cavities*. 
Ilyrtl  and  Ceradini  have,  however,  raised  important  objec- 
tions to  this  theory  ;  they  more  especially  urge  that  the 
valves  do  not  close  the  orifices  of  the  coronary  arteries 
during  the  ventricular  contraction,  and  that  the  ca^tacity 
of  the  ventricles  is  diminished  and  not  increased  by  the 
tilling  of  these  arteries. 

The  BiioxcHiAL  arteries  are  two  in  number.  They  may 
arise  from  the  descending  thoracic  aorta,  either  by  a  com- 
mon trunk,  or  independently ;  or  the  right  bronchial  may 
spring  from  the  first  aortic  intercostal  artery  :  one  artery 
accompanies  each  bronchial  tube,  branches  along  with  it, 
and  supplies  the  tissues  of  the  lung. 
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The  (Esophageal  arteries,  four  or  five  in  number^  arise 
from  the  descending  thoracic  aorta,  and  supply  the  coats 
of  the  oBsophagns. 

The  Pericardial  branches  are  very  small  arteries,  which 
arise  either  from  the  descending  thoracic  aorta  or  the  oeso- 
phageal arteries,  and  supply  the  back  of  the  bag  of  the 
pericardium,  and  the  lymphatic  glands  and  loose  tissue  of 
the  posterior  mediastinum. 

The  branches  of  the  aorta  which  supply  the  Viscera  of  . 
the  Abdomen  proper  arise  either  singly  or  in  pairs.  The 
single  arteries  are  the  coeliac  axis,  the  superior  mesenteric, 
and  the  inferior  mesenteric,  which  arise  from  the  front  of 
the  abdominal  aorta ;  the  pairs  are  the  two  capsular,  the 
two  renal,  and  the  two  spermatic  or  ovarian,  which  arise 
from  its  sides.  The  single  arteries  supply  viscera,  which 
are  either  completely  or  almost  completely  invested  by  the 
peritoneum,  and  the  veins  corresponding  to  them  are  the 
roots  of  the  vena  portse.  The  pairs  of  arteries  supply 
▼iscera  developed  behind  the  peritoneum,  and  the  veins 
corresponding  to  them  are  rootlets  of  the  inferior  vena  cava. 

The  Cceliac  Axis  is  the  first  visceral  branch  of  the 
abdominal  aorta.  It  arises  from  the  front  of  that  vessel 
between  the  two  pillars  of  the  diaphragm,  above  the 
pancreas,  and  is  surrounded  by  the  solar  plexus  of  the 
aympathetic  It  is  a  thick,  short  arteiy,  which  almost 
immediately  divides  into  the  coronary,  hepatic,  and  splenic 
branches. 

The  Coromaria  ventriculi  artery  is  the  smallest  branch, 
sod  pasoen  upward*)  and  to  the  left  to  the  cardiac  orifice  of 
the  stomach,  where  it  subdivides  into  an  Q89oj^icfffeal  branch 


The  g-iitrio  biuncb  ruu- 


u:".-,r.Ls    aud    to    the    left 
T  .-.iT-rri '-hepatic  omoutimi  to 


the  transTtrse  fi>sure  of  tlio  lirer,  whi're  it  t^nuioat^s,  Vj 
dividing  into  two  branches — the  one  fiir  the  rijht,  thf 
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other  for  the  left  lobe  of  the  liver.  In  its  course  it  gives 
off  Oj  thepyloric  branch,  which  passes  to  the  pyloric  end  of 
the  lesser  curvature  of  the  stomach :  5,  ikegaitr<Hluodenal 
branch  which  descends  behind  the  duodenunii  when  it 
divides  into  a  tuperior  pancreatioo-duodenalf  which  sup- 
plies the  pancreas  and  duodenum,  and  a  right  gas^ro-^pUne 
branch,  which  runs  along  the  greater  curvature  of  the 
stomach  to  supply  branches  to  its  anterior  and  posterior 
walls,  and  to  the  omentum :  e^  the  eyHie  branch  which 
supplies  the  coats  of  the  gall  bladder :  d,  the  terminal 
right  and  left  hepatic  branches,  which  supply  the  tissues  of 
the  liver. 

The  Splenic  artery  is  the  largest  branch  of  the  coeliac 
sada.  It  passes  to  the  left  behind  the  stomach,  and  is 
lodged  in  a  groove  on  the  upper  border  of  the  posterior 
sur&ce  of  the  pancreas.  It  gives  off  a,  pancreatic  branches 
to  supply  the  pancreas :  6,  vcua  brevia,  which  pass  to 
the  fundus  of  the  stomach :  ^  the  left  gcutro-epiplaie 
artery,  which  runs  along  the  greater  curvature  of  the 
stomach,  and  supplies  its  anterior  and  posterior  walls  and 
the  omentum :  d^  the  terminal  splenie  branches,  which 
enter  the  spleen  at  the  hilus. 

The  SuPKRiOR  Messntkbio  artery  arises  from  the 
aorta  a  little  below  the  coeliac  axis.  It  lies  at  first  behind 
the  pancreas,  then  crosses  in  front  of  the  duodenum,  and 
descends  between  the  two  layers  of  the  mesenteiy,  inclin- 
ing towards  the  right  iliac  fossa.  It  gives  off  a,  the  inftrioT 
pancreaiiotyduodenal  branch,  which  supplies  the  pancreas 
and  duodenum  :  &,  the  intestinal  branches,  about  twelve  in 
number,  which  arise  from  the  left  aspect  of  the  artery, 
and  descend  in  the  mesentery  to  the  coils  of  the  jejunum 

2  B 
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and  ileum;  in  their  course  they  bifurcate,  and  the  branches 
of  bifurcation  of  adjacent  arteries  inosculate  to  form  arterial 
arcades,  three  or  four  series  of  which  may  be  found  in  the 
mesentery  ;  from  the  series  next  the  intestine  branches 
pass  to  the  wall  of  the  bowel :  c,  ileo-colic  branch,  which 
l»a^ses  to  the  right  iliac  fossa  to  supply  the  lower  end  of 
the  ileum,  ca?cuin,and  ascending  colon :  d,  right  colic  branch, 
which  runs  to  the  ascending  colon  to  supply  it :  e,  the 
jiuiHie  colic  branch,  which  passes  between  the  layers  of 
the  meso-culon  to  the  transverse  colon  to  supply  it.  AH 
these  colic  arteries  bifurcate,  anastomose,  and  forni 
arterial  arcades  after  the  manner  of  the  branches  to  the 
small  intestine. 

Tiie  iNFKKioii  Mesenteric  artery  arises  from  the  aorta 
a  sliort  distance  above  its  bifurcation.  It  lies  behind  the 
peritoneum  covering  the  posterior  wall  of  the  alxlomen, 
and  losses  downwards  to  the  left  iliac  fossa,  where  it 
enters  the  meso-rectum,  and  takes  the  name  of  siij'en-.r 
hriuttrrhnidul  urij'nj,  and  supplies  the  coats  of  the  rectum- 
It  gives  otr  a,  the  h'ft  colic  branch,  which  runs  to  the 
deseending  colon  to  su[»ply  it  :  i,  sigmoid  branch,  which 
runs  betweiMi  the  two  layers  of  the  meso-colon  to  the 
sigmoid  flexure  to  sup[)ly  it ;  these  branches  bifurcate. 
aiiiistomose,  and  form  arterial  arcades  as  on  the  right  sidt-. 

The  arteries  whicli  supply  the  coats  of  the  alimentary 
tube  from  the  (esopliagus  to  the  rectum,  anastomose  freely 
with  each  other  in  the  wall  of  the  tube,  or  in  its  mesenteric 
attachment,  and  the  anastomoses  are  usually  by  the  for- 
niiition  of  arches  or  h)ops  between  adjacent  bmnches. 
Thus  the  (esophageal  laanches  of  the  aorta  anastA:^mu^- 
with  each  other  and  with  the   oesophageal  branch  of  the 
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coronary  arteiy,  which  again  anastomoses  with  the  gastric 
branch  of  the  same  artery.  This  gastric  branch  anasto- 
moses along  the  lesser  corvatnre  of  the  stomach  with  the 
pyloric  branch  of  the  hepatic.  Along  the  greater  curva- 
tore  the  left  gastro-epiploic  of  the  splenic  anastomoses  with 
the  right  gastro-epiploic  of  the  gastro-duodenal  branch  of 
the  hepatic,  and  in  the  waUs  of  the  stomach,  branches  from 
these  arteries  of  the  corvatures  anastomose  with  each 
other  and  with  the  vasa  brevia  of  the  splenic.  Along  the 
curve  of  the  duodenum,  the  superior  pancreatico-duodenal 
of  the  gastro-duodenal  of  the  hepatic  anastomoses  with  the 
inferior  pancreatico-duodenal  of  the  superior  mesenteric 
The  intestinal  branches  of  the  superior  mesenteric  anasto- 
mose not  only  with  each  other  in  the  series  of  arterial 
arcades  already  described,  but  with  the  inferior  pancreatico- 
duodenal and  ileo-colic  branches  of  the  same  artery.  In 
the  large  intestine  the  ileoK»lic  anastomoses  with  the  right 
colic,  and  the  right  colic  with  the  middle  colic  branch  of 
the  superior  mesenteric  The  middle  colic  anastomoses 
with  the  left  colic  of  the  inferior  mesenteric,  the  left  colic 
with  the  sigmoid,  and  the  sigmoid  with  the  superior 
baemonhoidal  artery.  The  superior  hsemorrhoidal  anasto- 
moses in  the  coats  of  the  rectum,  near  its  lower  end,  with  the 
middle  hemorrhoidal  branch  of  the  internal  iliac  and  the 
inferior  hiemorrhoidal  branch  of  the  pudic.  Through  this 
chain  of  anastomoses,  provision  is  made  for  equalizing 
the  distribution  of  blood  to  the  coats  of  the  several  divi- 
sions of  the  alimentaiy  canal,  and  of  providing  secondary 
channels  for  the  conveyance  of  blood  to  any  division, 
in  the  event  of  the  proper  artery  for  that  part  being  ob- 
structed,— a  point  of  great  importance  in  connection  with 
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the  glandular  or  secreting  function  of  the  alimentaiy 
mucous  membrane. 

The  Capsular  arteries,  small  in  size,  arise  from  the 
sides  of  the  aorta  above  the  renal  arteries,  and  run  outwards, 
to  end  in  the  sui)ra-renal  capsules. 

The  Rexal  arteries  arise  from  the  sidea  of  the  aorta,  and 
pass  outwards,  one  to  each  kidney.  They  send  branches 
to  the  supra-renal  capsule  and  ureter.  In  the  substance  of 
the  kidney  they  give  off  small  jyerforatiiig  branches,  which 
pierce  the  cai)snle  of  the  kidney,  and  are  distributed  in  the 
surrounding  fat. 

The  SrERMATic  arteries  are  two  long  slender  arteries, 
which  arise  from  the  aorta  close  to  the  renal  arteriea.  They 
descend  one  on  each  side,  behind  the  peritoneum,  to  the 
internal  or  deep  abdominal  ring,  where  each  comes  into  re- 
lation with  the  vas  deferens,  and  assists  in  forming  the  sper- 
matic cord,which  passes  into  the  scrotum  to  the  testicle.  The 
corresponding  arteries  in  the  female,  called  the  Ovajiiax, 
do  not  lei^ve  the  abdomen  ;  they  supply  the  ovaries. 

SECOND  GROUP. — PARIETAL  BRANCHES  OF  THE  AORTA. 

The  branches  of  the  aorta  which  supply  the  walls  of  the 
thorax,  abdomen,  aud  pelvis,  are  the  intercostal,  the  lumbar, 
the  phrenic,  and  the  middle  sacral  arteries. 

The  Intercostal  arteries  arise  from  the  back  of  the 
thoracic  aorta,  and  are  usually  ten  pairs.  They  run  along 
the  sides  of  the  vertebral  bodies  as  far  as  the  commence- 
ment of  the  intercostal  spaces,  when  each  divides  into  a 
dorsal  and  a  proper  intercostal  branch ;  the  dorsal  branch 
passes  to  the  back  of  the  thorax  to  supply  the  deep  muscles 
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of  the  spine,  and  gives  a  $pinal  branch  to  the  spinal  cord 
throogh  the  inter-yertebral  foramen.  The  proper  inter- 
costal branch  mns  outwards  in  the  intercostal  space  dose  to 
the  lower  border  of  the  upper  of  the  two  ribs,  and  gives  off 
a  collateral  branch  which  rons 
parallel  to  the  upper  border 
of  the  lower  rib ;  they  supply 
the  intercostal  muscles,  and 
the  lower  pairs  of  intercostals 
also  give  branches  to  the  dia- 
phragm and  wall  of  the  ab- 
domen. 

The  LuHBAB  arteries  arise 
from  the  back  of  the  abdo- 
minal aorta,  and  are  usually 
four  pairs.  They  run  along 
the  sides  of  the  lumbar  verte- 
br»,  under  cover  of  the  psoas 
musde,  and  divide  into  a  dor- 
sal branch,  which  supplies  the 

deep  muscles  of  the  back  of  the  loins,  and  an  abdomuud 
branch,  which  runs  outwards  behind  the  quadratus  lum- 
borum  muscle  to  supply  the  wall  of  the  abdomen.  Fromthe 
dorsal  branch,  a  small  jpuio/ branch  passes  through  theinter* 
▼ertebrsl  foramen  into  the  spinal  canal  to  supply  the  nerve 
roots,  membranes,  and  vertebrae.  The  distribution  of  the 
lumbar  and  intercostal  arteries  exhibits  a  transversely- 
segmented  arrangement  of  the  vascular  system  in  the  walls 
of  the  abdomen  and  thorax,  similar  to  the  transversely- 
segmented  arrangement  of  the  bones,  musdes,  and  nerves 
observed  in  these  localities,  especially  in  the  thoracic  region. 


o 
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Thf:  pHFiENK;  arterie=,  two  in  number,  arise  from  the 
aorta  cln-.t  to  the  crura  of  the  diaphragm  ;  the  right 
phronic  i;'i-.-^;.s  behini  the  inferior  cava,  the  left  behind 
t\i(i  a-.fypha:_niy,  to  .sup{)ly  the  diaphragm;  they  also  give 
hrancI.'^.T  to  tljf-  .-upra-renal  cap.^ules. 

Thf;  y\if)i)i.K  S.vrp.AL  artery,  as  already  stated,  is  rather 
thf:  roritinii:itif»ri  of  the  aorta  downwards  from  the  place  of 
])]{\\r(i'i\i<>]i  than  a  branch  of  that  vesseL  As  it  nins  down 
thf;  fr(/nt  (A  tlje  f-acrurn  it  irivt-s  transverse  branches  to  the 
Hafr.il  Willi  of  the  pelvis. 

In  clo^f;  coiiuection  with  the  terminal  twigs  of  the 
niiddle  .^iicral  artery  is  a  bf^dy,  about  the  size  of  a  small 
pfa,  iiaiiicd  by  Liisdika  the  cocrygeal  gland.  This  body, 
now  nuiif;  iisujilly  called  the  con^y(je(tl  hodf/^is  not  a  gland, 
hut,  as  Julius  Arnold  pointed  out,  is  composed  principally 
of  tlifi  dilated  and  tortuous  twigs  of  the  middle  sacral 
artfiy,  tin;  njiddle  or  muscular  coat  of  which  is  greatly 
thif-l<('iM-d.  P>ut,  in  addition,  a  laminated  arrangement 
of  cells  is  found  within  the  dilatations.  The  body  ia 
invcstrd  by  rrmnective  tissue  in  which  nerve  cells  are 
ciMbcddcd.  l^.ranches  of  the  ganglion  impar  of  the  8ym> 
piitlnlic  jtn^s  to  the  coccygeal  body. 

Impoilinit  anasttmioses  take  place  in  the  walls  of  the 
thonix  and  :il>d(»inen  between  the  parietal  branches  of  the 
aorta  ami  branches  of  other  arteries  which  pass  to  the  parie- 
t»'s*.  I  f  wt'  go  from  the  upj)er  to  the  lower  parts  of  the  Wttlls 
<»f  the  rlnvst  and  belly,  the  following  arteries  may  beaeen  to 
run  from  behind  forwards,  the  superior  intercostal  bimach 
of  the  siibehivian  in  the  first  and  second  intercostal  spaces  ; 
tiie  intercostal  branches  of  the  aorta  in  the  other  intei«)etal 
spaces  ;  the  lumbar  branches  of  the  aorta  in  the  muscular 
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of  the  spine,  and  giTes  a  spinal  branch  to  the  spinal  cord 
through  the  inter-vertebral  foramen.  The  proper  inter- 
costal branch  rons  outwards  in  the  intercostal  space  doee  to 
the  lower  border  of  the  upper  of  the  two  ribs,  and  gives  off 
a  collateral  branch  which  runs 
parallel  to  the  upper  border 
of  the  lower  rib ;  they  supply 
the  intercostal  muscles,  and 
the  lower  pairs  of  intercostals 
also  give  branches  to  the  dia- 
phragm and  wall  of  the  ab- 
domen. 

The  LuMBAE  arteries  arise 
from  the  back  of  the  abdo- 
minal aorta,  and  are  usually 
four  pairs.  They  run  along 
the  sides  of  the  lumbar  verte- 
brsB,  nnder  cover  of  the  psoas 
muscle,  and  divide  into  a  dor- 
sal  branch,  which  supplies  the 

deep  muscles  of  the  back  of  the  loins,  and  an  abdominal 
branchy  which  runs  outwards  behind  the  quadratus  lum- 
borum  muscle  to  supply  the  wall  of  the  abdomen.  From  the 
dorsal  branch,  a  small  spinal  branch  passes  through  theinter* 
vertebral  foramen  into  the  spinal  canal  to  supply  the  nerve 
roots,  membranes,  and  vertebrae.  The  distribution  of  the 
lumbar  and  intercostal  arteries  exhibits  a  transversely- 
segmented  arrangement  of  the  vascular  system  in  the  walls 
of  the  abdomen  and  thorax,  similar  to  the  transversely* 
B^gpaiented  arrangement  of  the  bones,  muscles,  and  nerves 
observed  in  these  localities,  especially  in  the  thoracic  region. 
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wall  of  the  abdomen,  and  the  ilio-lumbar  branch  of  the 
internal  iliac  artery  in   the  iliac  fossa.     These  inosculate 
with  the  branches  of  three  arteries  which  run  from  before 
backwards  in  the  same  parietes.     Thus  the  internal  mam- 
mary branch  of  the  subclavian  artery  descends  behind  the 
cartilages   of   the   ribs,  and  gives  oflf  the  anterior  inter- 
costal branches,  which  run  outwards  to  join  the  superior 
intercostal   and  aortic  intercostals    in  the  thoracic  wall ; 
also  the  niusculo-phrenic  branch  which  inosculates  in  the 
diaphragm  with  the  aortic  intercostals  and  the  phrenic 
branches  of  the  aorta ;  whilst  the  internal  mammary  ter- 
minates in  the  anterior  wall  of  the  abdomen  by  inosculating 
with  the  deep  epigastric  arter}'.     From  the  external  iliac 
artery  arise  two  branches — the  deep  epigastric  and  deep 
circumflex  iliac.     The  deep  epigastric  ascends  behind  the 
rectus  abdominis,  inosculates  with  the  superior  epigastric 
of  the  internal  mammary,  and  'with  the  lower  intercostal 
and  luuibar  branches  of  the  aorta.     The  deep  circumflex 
iliac  runs  outwards  along  the  line  of  the  iliac  crest,  and 
inosculates  with  the  lumbar  arteries  and  the  ilio-lumbar  of 
the  internal  iliac.     In  the  region  of  the  pelvis  the  trans- 
verse brandies  of  the  middle  sacral  artery  inosculate  with 
the  lateral  sacral  branches  of  the  internal  iliac. 

The  statement  has  frequently  been  made  that  the  visceral 
and  i)arietal  branches  of  the  aorta  do  not  anastomose  with 
each  other,  but  injections  which  I  made  some  years  ago 
proved  that,  both  in  the  thoracic  and  abdominal  cavities^ 
slender  anastomosing  communications  exist  between  the 
two  sets  of  branches.  In  the  abdominal  cavity  a  wide 
meshed  plexus  of  small  arteries,  which  I  have  named  the 
sub-  or  extra-peritoneal  plexus,  lies  in  the  fat  outside   the 
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peritoneQm.    Od  the  one  haad,  it  commwiicates  with  the 

perforating  branches  of  the  renal  arteries  and  with  slender 

branches  of  the  capsolar,  spermatic,  colic,  and  pancreatic 

arteries,  and  in  the  r^on  of  the  diaphragm  with  the 

capsular  branches  of  the  hepatic  artery.    On  the  other 

hand,  it  communicatee  with  the  phrenic  arteries,  the  lower 

interoostals,  the  lombar  branches  of  the  aorta,  and  with 

the  ilio-lnmbar,  circomflez  iliac,  and  epigastric  branches  of 

the  iliac  arteries,  which  also  go  to  the  wall  of  the  abdomen. 

In  the  pelTis  also  the  visceral  superior  hsemorrhoidal  artery 

anastomoses  with  the  middle  and  lateral  sacral  arteries. 

The  eictra-peritoneal  plexus  supplies  the  gangliated  cord  of 

the  sympathetic  and  the  fat  and  lymphatic  glands  lying 

outside  the  peritoneum,  and  it  also  gives  origin  to  vata 

waiorum  for  the  coats  of  the  aorta  and  vena  cava.    This 

plexus  may,  when  the  visceral  branches  of  the  aorta  are 

obstructed,  aid  in  an  impcfftant  manner  in  carrying  on  the 

circnlation.    In  a  subject  examined  by  J.  Chiene,  in  the 

dissecting-room  of  the  University  of  Edinburgh,  where 

the  coeliac  axis  and  the  superior  and  inferior  mesenteric 

arteries  were  obliterated  at  their  origins,  the  blood  flowed 

from  the  parietal  arteries,  into  these  visceral  arteries  and 

the  viscera  they  supplied,  through  a  great  enlargement  of 

the  arteries  of  the  extra-peritoneal  plexus.    In  the  thoracic 

cavity  a  similar  plexus,  which  I  have  named  the  extra- 

pieural  plexus,  lies  between  the  pleura  and  pericardium ; 

it  eommunicates,  on  the  one  hand,  with  the  phrenic  and 

imwtisstinfl]  branches  of  the  internal  mammary  arteries, 

and  on  the  other  passes  in  front  of  the  root  of  the  lung  to 

join  the  bronchial  system  of  vessels.    Another  portion  of 

^his  plexus  joins,  on  the  one  hand,  the  intercostal  arteries 
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wall  of  the  abdomen,  and  the  ilio-lumbar  branch  of  the 
internal  iliac  artery  in  the  iliac  fossa.     These  inosculate 
with  the  branches  of  three  arteries  which  run  from  before 
backwards  in  the  same  parietes.     Thus  the  internal  mam- 
mary branch  of  the  subclavian  artery  descends  behind  the 
cartilages   of   the   ribs,  and  gives  off  the  anterior  inter- 
costal branches,  which  run  outwards  to  join  the  superior 
intercostal   and  aortic  intercostals    in  the  thoracic  wall ; 
also  the  musculo-phrenic  branch  which  inosculates  in  the 
diaphragm  with  the  aortic  intercostals  and  the  phrenic 
branches  of  the  aorta ;  whilst  the  internal  mammary  ter- 
minates in  the  anterior  wall  of  the  abdomen  by  inosculating 
with  the  deep  epigastric  artery.     From  the  external  iliac 
artery  arise  two  branches — the  deep  epigastric  and  deep 
circumflex  iliac.     The  deep  epigastric  ascends  behind  the 
rectus  abdominis,  inosculates  with  the  superior  epigastric 
of  the  internal  manmiar}',  and  with  the  lower  intercostal 
and  lunibar  branches  of  the  aorta.     The  deep  circumflex 
iliac  runs  outwards  along  the  line  of  the  iliac  crest,  and 
inosculates  with  the  lumbar  arteries  and  the  ilio-lumbar  of 
the  internal  iliac.     In  the  region  of  the  pelvis  the  trans- 
verse branches  of  the  middle  sacral  artery  inosculate  with 
the  lateral  sacral  branches  of  the  internal  iliac. 

The  statement  has  frequently  been  made  that  the  visceral 
and  parietal  branches  of  the  aorta  do  not  anastomose  with 
each  other,  but  injections  which  I  made  some  years  ago 
proved  that,  both  in  the  thoracic  and  abdominal  cavities^ 
slender  anastomosing  communications  exist  between  the 
two  sets  of  branches.  In  the  abdominal  cavity  a  vridt 
meshed  plexus  of  small  arteries,  which  I  have  named  the 
sub-  or  extra-peritoneal  plexus,  lies  in  the  fat  outside   the 
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peritoneam.    On  the  one  hand,  it  communicates  with  the 
perforating  branches  of  the  renal  arteries  and  with  slender 
branches  of  the  capsular,  spermatic,  colic,  and  pancreatic 
arteries,  and  in  the  region  of  the  diaphragm  with  the 
capsolar  branches  of  the  hepatic  artery.    On  the  other 
hand,  it  commnnicates  with  the  phrenic  arteries,  the  lower 
interoostals,  the  Inmbar  branches  of  the  aorta,  and  with 
the  ilio-lambar,  drcomflez  iliac,  and  epigastric  branches  of 
the  iliac  arteries,  which  also  go  to  the  wall  of  the  abdomen. 
In  the  pelTis  also  the  Tisceral  superior  hsBmorrhoidal  arteiy 
anastomoses  with  the  middle  and  lateral  sacral  arteries. 
The  extra-peritoneal  plexus  supplies  the  gangliated  cord  of 
the  sympathetic  and  the  fat  and  lymphatic  glands  lying 
outside  the  peritoneum,  and  it  also  gives  origin  to  va$a 
vasorum  for  the  coats  of  the  aorta  and  vena  cava.    This 
plexus  may,  when  the  visceral  branches  of  the  aorta  are 
obstructed,  aid  in  an  important  manner  in  carrying  on  the 
circulation.    In  a  subject  examined  by  J.  Chiene,  in  the 
dissecting-room  of  the  University  of  Edinburgh,  where 
the  codiac  axis  and  the  superior  and  inferior  mesenteric 
arteries  were  obliterated  at  their  origins,  the  blood  flowed 
from  the  parietal  arteries,  into  these  visceral  arteries  and 
the  viscera  they  supplied,  through  a  great  enlargement  of 
the  arteries  of  the  extra-peritoneal  plexus.    In  the  thoracic 
cavity  a  similar  plexus,  which  I  have  named  the  extra- 
pleural plexus,  lies  between  the  pleura  and  pericardium ; 
it  communicates,  on  the  one  hand,  with  the  phrenic  and 
mediastinal  branches  of  the  internal  mammary  arteries, 
and  on  the  other  passes  in  front  of  the  root  of  the  lung  to 
Join  the  bronchial  system  of  vessels.    Another  portion  of 
^his  plexus  joins,  on  the  one  hand,  the  intercostal  arteries 
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near  the  dorsal  vertebra^  and  on  the  other  passes  to  the 
lung  behind  its  root. 


THIRD  C.nOUr. — BRAXCHES  OF  THE  AORTA  FOR  THE  HE,\.D, 

NECK,  AND  UPPER  LIMBS. 

The  branches  for  the  head,  neck,  and  upper  limbs  ari^e 
as  three  large  arteries  from  the  upper  surface  of  the  trans- 
verse part  of  the  aortic  arch ;  they  are  named  in  the  order 
in  which  thev  arise  from  riirht  to  left,  arteria  inuominata. 
left  common  carotid,  and  left  subclavian. 

The  Arteria  Innomixata,  or  Brachiocephalic  artery, 
is  the  largest  branch  of  the  arch  of  the  aorta,  and  springs 
from  the  commencement  of  its  transverse  part.  It  passes 
upwards  and  to  the  right,  to  the  root  of  the  neck,  on  a 
level  with  the  riiiht  sterno-clavicular  articulation,  and  then 
divides  into  tlie  right  common  carotid  and  the  right  sub- 
clavian artery.  It  lies  in  the  u|>per  part  of  the  cht_>t 
behind  the  manubrium  sterni  and  in  front  of  the  trachea. 
Tlie  right  brachio-ceplialic  vein  and  right  pleura  are  to  its 
riglit,  the  left  common  carotid  artery  is  to  its  left,  and  the 
left  brachio-cei'halic  vein  crosses  between  it  and  the 
sternum.     It  gives  ofl',  as  a  rule,  no  collateral  branches. 


Sf/7'rl'fi'i<jn  S//.^ftm  of  Arffrits, 

This  system  consists  of  the  large  arterj'  of  supply  fcr 
the  uj)i>er  extremity,  and  of  the  branches,  which  arise 
either  directly  or  indirectly  from  it.  This  artery  bears- 
ditierent  names  in  its  course.  It  is  called  snhdavian^  as  i: 
passes  across  the  root  of  the  neck  and  under  the  clavicle  , 
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when  it  enien  the  armpity  it  becomee  the  axUlary  arteiy ; 
bj  that  name  it  extends  as  far  as  the  posterior  fold  of  the 
axilla,  when  it  enters  the  npper  arm,  takes  the  name  of 
brachial  or  humeral  artery,  and  courses  as  far  as  the  bend 
of  the  elbow,  where  it  bifurcates  into  the  radial  and  ^nar 
arteries. 

The  SuBCLAYiAN  arteiy  arises  on  the  right  side  at  the 
bifurcation  of  the  innominate  arteiy ;  but  on  the  left  side 
directly  from  the  arch  of  the  aorta,  being  the  last  of  the 
three  branches  of  the  transverse  part  of  the  arch.  The 
right  subdavian  arches  across  the  root  of  the  neck,  and 
passing  behind  the  clavicle  and  subdavius  muscle,  reaches 
the  outer  border  of  the  first  rib,  where  it  becomes  the 
axillary  artery.  The  left  subclavian  has  to  ascend  through 
the  upper  part  of  the  therax  into  the  neck,  before  it 
arches  across  the  root  of  the  neck.  In  its  course  each 
subclavian  artery  goes  behind  the  scalenus  anticus  muscle, 
so  that  it  is  customary  to  divide  this  arteiy  into  three 
parts ;  a  first  part  internal  to  the  scalenus,  a  second  part 
behind  that  muscle,  a  third  part  to  its  outer  side. 

The  relations  of  the  first  part  of  the  subclavian  are  not 
the  same  on  the  right  and  left  sides,  owing  to  the  differ- 
ence in  origin  of  the  two  vessels.  The  first  part  of  the 
left  subclavian  is  longer  than  that  of  the  right ;  it  is  over- 
lapped by  the  left  pleui:a  and  lung,  and  is  crossed  by  the 
left  innominate  vein ;  it  lies  in  front  of  the  oesophagus  and 
thoracic  duct ;  whilst  to  its  right  side  are  the  trachea,  left 
common  carotid  arteiy,  left  vagus,  and  recurrent  laryngeal 
nerves.  The  first  part  of  the  right  subclavian  is  covered 
by  the  platysma,  stemo-mastoid,  stemo-hyoid  and  sterno- 
thyroid musses,  and  by  the  cervical  fascia;  it  ia  crossed  by 
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tliQ  vertebral  and  internal  jugular  veina,  the  cardiac 
brancliea  of  the  symi>atlietic  and  the  right  vagus  nene. 
The  riglit  recurrent  laryngeal  nerve  hooka  behind  it.  The 
right  subclavian  vein  lies  below  it,  and  the  right  pleura  is 
below  and  posterior  to  it. 


The  relations  of  the  second  and  third  parts  of  the  evh- 
ciaviau  arteries  are  the  same  on  both  sides.  The  secocd 
part  lies  ujKin  the  scalenus  niedius,  and  has  the  scalenus 
anticus,  sterno- mastoid,  cervical  fascia,  and  platyBraa  super 
licial  to  it ;  it  is  se[iarated  by  the  scalenus  anticus  from  the 
Bubclavian  vein  and  phreaic  nerve ;  above  it  are  the  nervoos 
cords  of  the  brachial  plesus,  and  below  is  the  pleura. 

The  third  part  of  the  subclavian  artery  lies  partly  in 
the  supra-clavicular  triangle — a  region  bounded  by  the  poe- 
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tenor  belly  of  the  omo-hyoid,  the  stemo-maetoid  mnede, 
sad  the  daWde — and  partly  under  cover  of  the  dayide  and 
sabdavins  muede.  It  ia  covered  by  the  sidny  platysma, 
and  cervical  faacta,  and  ia  croeaed  by  the  external  jogolar 
vein,  the  nerve  to  the  Bubclarius,  and  the  descending  cnta- 
neooa  brandies  of  the  cervical  plexna.  It  rests  on  the 
acalenos  medius  and  the  grooved  upper  surface  of  the  first 
rib.  The  cords  of  the  brachial  plexus  are  above  and  the 
subclavian  vein  bdow  it  From  the  subdavian  artery 
branches  arise  in  the  following  order : — 

a.  Vtrtdralf  which  arises  from  the  first  part  of  the 
artery.  It  enters  the  foramen  at  the  root  of  the  transverse 
process  of  the  sixth  cervical  vertebra,  ascends  through  the 
corresponding  foramina  in  the  vertebrsB  above,  lies  in  a 
groove  on  the  arch  of  the  atlas,  pierces  the  dura  mater,  and 
enters  the  skull  through  the  foramen  magnum,  where  it 
joins  its  fellow  to  form  the  6anfor  artery.  It  is  accompanied 
by  vaso-motor  branches  from  the  inferior  cervical  ganglion 
of  the  sympathetic,  and  by  the  vertebral  vein,  and  in  its 
ascent  through  the  series  of  foramina,  it  lies  in  front  of 
the  cervical  nerves.  It  gives  off  muacular  branches  to  the 
deep  muscles  of  the  neck :  ipinal  branches,  which  enter  the 
intervertebral  foramina  and  pass  to  the  spinal  cord :  a 
pottenar  tpinal  brandi,  arises  on  a  levd  with  the  medulla 
oblongata,  and  descends  on  the  back  of  the  cord  to  anasto* 
moee  with  the  spinal  branches  which  enter  the  interverte- 
bral foramina :  an  an^mor^Mo/ branch  arises  on  the  same 
levd,  descends  in  front  of  the  cord,  anastomoses  with  its 
fellow,  and  forms  the  anterior  median  artery  of  the  cord, 
which  artery  anastomoses  in  its  descent  with  the  spinal 
branchea  from  the  vertebral,  inferior  thyroid,  intercostal  and 
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lambar  arteries,  bo  as  to  form  a  long  slender  artery,  atn^ 
in  front  of  the  cord  in  its  entire  length,  which  snppiies  }k 
cord  and  the  pia  mater :  memngeoU  branches  to  tiie  dci 
mater  :  an  inferior  cerebellar  braneh  to  the  nnder  waiSMst .: 
the  cerebellam.  The  Banlar  artery,  formed  bj  the  jone^ 
of  the  two  Tertebrals,  extends  from  the  lower  to  the  Tq-x' 
border  of  the  pons  Varolii ;  it  gives  off  coUatenlly  Itom^^ 
branches  to  the  pons :  auditory  branches  which  aeeonpir 
the  portio  mollis  to  the  internal  ear :  inferior  ttr^'^  ' 
branches  to  the  under  sorface  of  the  cerebellum :  vkik  ' 
breaks  up  into  four  terminal  branches,  viz.,  two  wn^ ' 
certheUar  to  the  upper  surface  of  the  cerebellam,  and  !▼ 
posterior  cerdnrd  which  supply  the  conToloti<m8  os  t> 
tentorial  aspect  of  the  temporo-sphenoidal  lobes^  those 
the  occipital  lobes,  and  the  posterior  conTolntioiifl  ci  ::* 
parietal  lobes  of  the  cerebrum  :  per/orating  btanditf  J-^^ 
from  the  posterior  cerebral  artery  to  the  locos  perforata  >* 
ticus.  The  third  cranial  nerve  on  each  side  appears  betv  - 
the  superior  cerebellar  and  posterior  cerebral  arteiiea 

h.  Thyroid  Axis,  a  short  branch,  which    immedL' 
divides  into  the  inferior  thyroid,  the  supra-^Bcc^fmi-i^,  ^ 
the  transvermlis  colli  branches.      The  Inferior  Tai 
ascends  on  the  longus  colli  muscle,  and  then  tnms  isw 
behind  the  sheath  of  the  carotid  vessels  and  the  gacfl  -' 
cord  of  the  sympathetic  to  be  distributed  to  the  th;* 
body ;    it  gives  off  an  ascending  cervical  branch  U  * 
muscles  of  the  neck,  which  also  sends  small  spinal  bn^t 
to  the  spinal  cord  :  a  laryngeal  branch  which  accooj*- 
the  inferior  laryngeal  nerve  to  the  larynx :   on^/-' 
branches  to  the  cesophagus.     The  Supra-scapular  nxc-^ 
wards  behind  tlie  stemo-mastoid  muscle  and  the  cLii' 
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reaches  the  upper  border  of  the  scftpulay  and  passes  over 
the  snpraHBcapular  ligament  to  the  dorsum  of  the  scapnla, 
where  it  ramifies  in  the  supra  and  infra  spinous  fosss, 
aod  supplies  the  muscles  on  the  dorsum  scapula.    Tlia 
Trantversalu  Colli  passes  outwards  behind  the  stemo-mas- 
toid  and  above  the  clavicle ;  it  then  goes  under  cover  of  the 
trapezius,  and  divides  into  the  $uperficial  cervical  and  pos- 
terior 9eapnlar  branches;  the  superficial  cervical  ends  in 
the  trapezius  and  levator  scapulas  muscles ;  the  posterior 
scapular  runs  parallel  to  the  posterior  border  of    the 
scapula,  supplies  the  muscles  attached  to  that  border^  and 
gives  branches  to  the  dorsal  and  ventral  surfaces  of  the 
acapnia.      The  transversalis    colli    artery  varies    in    its 
arrangement  in  different  individuals ;  it  not  unfrequently 
ends  in  the  trapezius,  and  represents  in  its  distribution  the 
superficial  cervical  branch ;   in  these  cases  the  posterior 
scapular  branch  arises  directly  from  the  subclavian. 

c.  Internal  Mammary  arises  from  the  lower  surface  of 

the  first  part  of  the  subclavian,  passes  into  the  thorax 

behind  the  cartilage  of  the  first  rib,  a^d  descends  behind 

the  internal  intercostal  muscles  and  costal  cartilages  as 

far  as  the  sixth  intercostal  space,  where  it  divides  into  the 

musculophrenic  and  wperic^    epigastric  branches.     The 

costal  pleura  lies  immediately  behind  the  upper  part  of 

the  artery,  but  its  lower  part  is  separated  from  the  pleura 

bj    the   triangularis  stemi  muscle.      In  its  course  the 

following  branches  arise: — arteria  comes  nervi  phrenici, 

which  accompanies  the  phrenic  nerve  to  the  diaphragm : 

i/vediastinal  branches  to  the  thymus  gland,  pericardium, 

and  areolar  tissue  of  the  mediastinal  space :  perforating 

branches,  which  pierce  the  internal  intercostal  and  greater 
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pectoral  muBcleB,  and  supply  die  dam  of  the  {root  d  "k 
chest ;  the  second  and  third  perforating  aiteriei  pia  ^ 
the  mmnnuiry  gland  :  anterior  vUercoitaU  ran  ostntdi - 
the  upper  five  or  six  interoostal  spaces,  and  inoBcaktetrit^ 
the  aortic  intercostals :  museulo-pkreme^  one  d  tk  ti^ 
terminal  branches,  runs  ontwaids  along  the  line  of  orirs 
of  the  diaphragm,  and  assiBts  in  supplying  that  vmk 
superior  epigaahric^  the  other  terminal  Iwancli,  deacenda  z 
the  wall  of  the  abdomen  in  the  sheath  of  the  rBctai»  u^ 
supplies  that  muscle. 

d,  Superior  IrUercotlal  arises  from  the  back  cf  ^ 
second  part  of  the  subclavian;  it  descends  into  the  bid  - 
the  cavity  of  the  chest  in  front  of  the  neck  of  the  fint  r 
and  ends  in  two  branches,  one  for  the  first,  the  ote  -■ 
the  second  intercostal  space.  Before  it  enters  the  cki^^ 
gives  off  the  deep  cervical  artery,  which  passes  badnr. 
between  the  transverse  process  of  the  aeventh  eerr> 
vertebra  and  the  neck  of  the  first  rib,  and  then  ues.- 
on  the  back  of  the  neck  between  the  complezos  sad  sr- 
spinalis  colli  muscles  to  supply  thenu  It  is 
to  the  dorsal  branch  of  an  aortic  intercostal,  and 
arises  directly  from  the  subclavian. 

The  branches,  which  arise  either  directly  or  indc^ 
from  the  subclavian  artery,  may  be  arranged,  aeoordc- 
their  distribution  to  the  parts  which  they  sapidy,  io  i^ 
groups : — 

1st.  To  neck,  thyroid  gland,  windpipe,  brain,  and  s  > 
cord  :  vertebral,  inferior  thyroid,  ascending  cervical,  ff/ 
ficial  cervical,  deep  cervical  arteries ; 

2d.  To  walls  of  trunk:  internal  mamsuuy,  ns*-'^ 
intercostal  arteries ; 
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3d  To   scapular   region :    transTersaliB    colli,    supra- 
aet^nlar  arteries. 

The  AziLLABT  artery  is  the  direct  continoation  of  the 

subclavian ;  it  commences  at  the  outer  border  of  the  first 

rib  and  passes  through  the  axilla,  in  close  relation  to  the 

outer  wall,  as  far  as  the  lower  border  of  the  tendon  of  the 

teres  m^or  muscle,  where  it  becomes  the  brachial  artety. 

In  this  course  it  lies  in  relation  to  the  inner  aspect  of  the 

head  and  upper  part  of  the  shaft  of  the  humerus.    It  is 

coTcred,  in  addition  to  the  skin  and  fascise,  by  the  costo- 

coraooid  membrane,  pectoralis  major  and  minor  muscles, 

but  where  it  lies  on  the  teres  major  it  passes  from  under 

coTer  of  the  greater  pectoraL    It  is  in  relation  behind  to 

the  serratus  magnus,  subscapularis,  latissimus  dorsi,  and 

teres  major  musclea     The  axillary  vein  lies  to  its  inner 

side,  and  it  is  crossed  at  Its  upper  end  by  the  cephalic 

vein.     The  axillary  plexus  of  nerves  is  at  first  to  its  outer 

side ;  then  the  plexus  is  disposed  with  one  cord  to  the  outer 

side  of  the  artery,  another  to  the  inner  side,  and  a  third 

behind  it ;  whilst  lower  down  the  branches  arising  from 

these  cords  are  so  arranged  about  the  artery  that  the 

median  and  musculo-cutaneous  nerves  are  to  its  outer  side; 

the  ulnar,  internal  cutaneous  and  lesser  internal  cutaneous 

are  to  its  inner  side,  and  the  circumflex,  musculo-spiral, 

and  subscapular  are  behind  it. 

The  branches  of  the  axillary  arteiy  are  as  follows  : — 

a.  Sftort  ThoraeU  arises  above  the  pectoralis  minor,  aud 
runs  inwards  to  the  upper  part  of  the  lateral  waU  of  the 
chest. 

b.  Thoracic  Axis  arises  dose  to  the  upper  border  of  the 
pectoralis  minor,  and  almost  immediately  divides  into  the 

2f 
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following  braaches ;  acromial  thoracic,  which  passes  out- 
wards  to  the  deltoid  and  the  region  of  the  acromion : 
humeral  thoracic,  which  descends^  at  the  side  of  the 
cephalic  ^ein,  between  the  deltoid  and  greater  pectoral 
mnscles  to  which  it  gires  branches:  pectoral  thoracic, 
which  supplies  the  two  pectoral  muscles:  clavicular 
thorade,  which  supplies  the  subclavius  musde. 

e.  Long  Thoracic,  or  External  Mammary,TunBpBixalle\  to 
the  lower  border  of  the  lesser  pectoral  muscle  to  the  lateral 
wall  of  the  chest,  and  in  woman  supplies  the  mammary 
fflaiid. 

d  Alar  Thoracic,  a  short  branch  to  the  fat  and  lym- 
phatic  glands  of  the  axilla :  it  sometimes  arises  from  the 
subscapular  or  long  thoracic  arteries. 

e.  Subecapular  mscB  opposite  the  lower  border  of  the 
snbscapularis,  along  which  it  runs  to  the  inferior  angle  of 
the  scapula  and  lateral  wall  of  the  chest ;  it  supplies  the 
serratus  magnus  and  the  muscles  of  the  posterior  wall  of  the 
axilla :  it  gives  off  a  large  dorsal  branch,  which  turns  round 
the  axillary  border  of  the  scapula,  in  the  triangular  space 
boanded  by  the  teres  minor,  teres  m^jor,  and  long  head  of 
the  triceps,  which  branch  ramifies  on  the  dorsum  of  the 
scapula  to  supply  the  teres  minor  and  inf  rarspinatus. 

/.  Anterior  Circumflex,  a  small  branch,  which  runs  out- 
wards in  front  of  the  humerus  to  the  bicipital  groove, 
where  it  sends  a  branch  along  with  the  tendon  of  the  biceps 
to  the  shoulder  joint,  and  terminates  in  the  deltoid  muscle. 
g,  PoUerior  Circumfl/ex,  a  large  branch,  which  winds 
round  the  back  of  the  humerus,  along  with  the  circumflex 
nerve,  in  the  quadrilateral  space  bounded  by  the  teres 
■linor,  teres  major,  long  head  of  the  triceps  and  shaft  ot 
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the  hnmeraa :  it  ends  in  the  deltoid  xnuacle,  for  wbkk  fi 
18  the  principal  aiteiy  of  snpjdy. 

The  hnnches  of  the  azillaiy  aiteiy  may  be  vnm^ 
acooiding  to  their  distribation  in  three  groups :— 

XM,  To  walls  of  thorax :  short  thoracic^  long  ihtoe^ 
pectoral  thoracic,  terminal  branches  of  sabecapnltf  arten 

2d.  To  scapolo-hnmeral  region  :  acroinio4horaac»  cUri 
cnlar  thoradc,  humeral  thoracic,  anterior  and  posteo:^ 
circumflex,  and  dorsal  l»anch  of  sabscapnlar  artery. 

3d.  To  fat  and  glands  of  axilla :  alar  thoracic  aito;- 

The  branches  to  the  walls  of  the  thorax  anastomoae**'^ 
the  superior  intercostal  of  the  subdaTian,  the  aortic  is^ 
costals  and  the  anterior  intercostals  of  the  intenul  oi^ 
mary.  The  branches  to  the  sc^ulo-hnmeral  regioa  ii^ 
colate  with  the  posterior  scapular  and  supia-flcapB-' 
branches  of  the  subclavian.  Both  series  of  inoiO^^ 
enlarge,  and  form  secondary  channels  for  the  conTejioee  ^ 
blood  to  the  upper  limb,  when  the  third  part  of  ths  ^^ 
davian  artery  is  tied. 

The  Brachial  orHuiacRAL  artery  is  thedirectcontiDin^' 
of  the  axillary.  It  commences  at  the  lower  border  d  * 
tendon  of  the  teres  major,  and  passes  down  the  uppers 
to  a  little  below  the  bend  of  the  elbow,  where  it  diride»  'J^ 
two  terminal  branches,  the  radial  and  ulnar  artcrica  • 
this  course  it  lies  at  first  to  the  inner  aide  of  the  ibf**  - 
the  humerus,  but  lower  down  it  inclines  to  the  ffoc*  * 
that  bone.  It  is  covered  by  the  skin  and  faacue,  o^^ 
the  bend  of  the  elbow  it  is  crossed  by  the  thin  teodic  - 
the  biceps,  which  is  inserted  into  the  fascia  of  tbe  ^ 
arm.  It  is  in  relation  behind  to  the  long  head  d  ' 
triceps,  but  is  separated  from  it  by  the  musculo-spiial  »^ 
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and  saperior  profanda  artery,  whilst  lower  down  it  rests  on 
the  tendon  of  insertion  of  the  coraco-biachiaUsy  and  on  the 
brachialis  anticus  mnsde.  At  first  the  coraco-brachialis, 
and  then  the  inner  border  of  the  biceps,  are  to  its  outer 
side,  and  in  moscnlar  arms  it  is  overlapped  by  the  latter 
mnsde,  the  inner  border  of  which  forms  a  definite  guide  to 
the  position  of  the  arteiy.  It  is  accompanied  by  two  \enm 
eomites ;  and  the  basilic  vein,  separated  by  the  brachial 
aponeurosis,  is  saperficial  to  it,  whilst  at  the  bend  of  the 
elbow  the  median  basilic  rein  is  separated  from  it  by  the 
thin  tendon  of  the  biceps.  The  median  nerve  is  at  first 
to  its  onter  side,  then  crosses  over  it,  but  at  and  immediately 
above  the  bend  of  the  elbow  it  is  to  its  inner  side. 

Not  nnfrequently  the  brachial  artery  divides  into  the 
radial  and  ulnar  arteries  in  the  upper  ann,  and  the  division 
may  in  some  cases  take  |dace  as  high  as  the  axilla.  In 
those  instances  in  which  a  suprsroondyloid  process  and  f ora^ 
men  are  developed  (p.  41),  the  brachial  arteiy  and  median 
nerve  aredeflected  from  their  usual  course  to  pass  through 
the  foramen,  though  occasionally  the  foramen  only  tmnsmits 
the  median  nerve. 

The  branches  of  the  brachial  artery  are  as  follows  :— 

a.  Jfuse%Uar  branches  pass  outwards  from  the  brachial 
artery  to  supply  the  biceps,  coraco-brachialis,  and  brachialis 
anticos  muscles. 

b.  Superior  Frofunda  arises  from  the  upper  portion  of 
the  brachial ;  it  winds  downwards,  backwards,  and  out* 
waids,  along  with  the  musculo-spiral  nerve  in  the  musculo- 
^iial  groove  of  the  humerus,  passes  between  the  heads. 
cf  tiia  triceps,  then  pierces  the  external  inter-muscular 
aeptnm  of  the  upper  arm  to  reach  the  interval  between  the 
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brachialis  anticus  and  supinator  longus  muscles,  and  to  end 
at  the  outer  side  of  the  elbow ;  it  is  the  artery  of  supply 
for  the  triceps. 

c.  InfiTior  Profunda  arises  opposite  the  coraco-brachialis, 
and  descends  along  with  the  ulnar  nerve  to  the  interval 
between  the  inner  condyle  of  the  humerus  and  the  ole- 
cranon. 

(L  Annfitomotic  arises  from  one  to  two  inches  above  the 
elbow,  and  divides  into  two  branches — the  smaller  branch 
de><cends  on  the  brachialis  anticus  in  front  of  the  elbow ; 
the  larger  pierces  the  internal  inter-muscular  septum,  and 
reaches  the  interval  between  the  inner  condyle  and  the 
olecranon. 

p.  XutrUnt  enters  the  nutrient  canal  in  the  shaft  of  the 
humerus  to  supply  the  medulla  of  the  bone. 

The  branches  of  the  brachial  artery  may  be  arranged 
according  to  their  distribution  in  four  groups  : — 

\st.  To  muscles  alone  :  muscular  branches. 

2(7.  To  muscles  and  region  of  elbow  :  superior  profunda, 
inferior  profunda,  anastomotic  arteries. 

3^/.  To  bone  :  nutrient  artery. 

ith.  Terminal  :  radial  and  ulnar  arteries. 

The  Ulnar  artery,  the  larger  of  the  two  terminal 
branches  of  the  brachial  extends  down  the  ulnar  side  of 
tlie  front  of  the  fore  arm  to  the  wrist,  where  it  crosses  in 
front  of  the  anterior  annular  ligament,  and  reaches  the 
palm  of  the  hand  ;  it  then  curves  outwards  towards  the 
thumb,  and  anastomoses  with  the  superficial  volar  and 
radial  index  branches  of  the  radial  artery  to  fonn  the 
SUPERFICIAL  PALMAR  ARTERIAL  ARCH.  In  the  fore  arm  the 
ulnar  artery  passes  at  first  behind  the  pronator  teres,  flexor 
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ctrpi  radialisy  palniAriBlongnB,  and  flexor  sablinuB  digitomm 
mnacles,  and  then  desoendBy  covered  only  by  the  skin  and 
faacuB^  dose  to  the  radial  border  of  the  flexor  carpi  nlnarisy 
as  far  as  the  radial  aide  of  the  pisiform  bone,  when  it  passes 
under  cover  of  the  palmaris  brevis  muscle  and  the  palmar 
fascia  and  forms  the  superficial  palmar  arch.  It  rests  when 
in  the  fore  arm  for  a  short  distance  on  the  brachialis  anticns, 
and  then  on  the  flexor  profundus  digitomm;  at  the  wrist 
it  lies  on  the  anterior  annular  ligament ;  in  the  hand  on  the 
flexor  tendons  of  the  fingers,  and  the  branches  of  the 
median  and  ulnar  nerves.  It  is  accompanied  by  the  deep 
ulnar  veins.  The  median  nerve  is  separated  from  the 
commencement  of  the  artery  by  the  deep  head  of  origin  of 
the  pronator  teres.  About  the  junction  of  the  upper  and 
middle  thirds  of  the  fore  arm  the  ulnar  nerve  comes  into 
rekition  with  the  arteiy,  and  passes  along  with  it  to  the 
handy  the  nerve  being  dose  to  the  inner  side  of  the  artery. 

The  ulnar  arteiy  in  the  fore  arm  gives  origin  to  the 
following  branches : — 

a»  Anterior  Ulnar  Recurrent  arises  dose  to  the  origin  of 
the  ulnar,  and  ascends  in  front  of  the  brachialis  anticus  to 
anastomose  with  the  anastomotic  arteiy. 

6.  Po&terior  Ulnar  Beeurrent  arises  dose  to  the  anterior, 
and  passes  upwards  and  backwards  to  the  interval  between 
the  inner  condyle  and  olecranon.  It  and  the  anterior 
recurrent  supply  the  musdes  in  front,  and  to  the  inner 
aide  of  the  dbow  joint 

c  InUroeeeut  is  the  largest  branch  of  the  ulnar,  and 
arises  high  in  the  fore  arm ;  after  a  course  of  about  an 
inch  it  divides  into  the  anterior  and  posterior  interosseous 
branches.    The  anterior  interoseeout  artety  passes  down  the 
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: .  -r  -ri.  .  -_i^  . L  :_:  iLT^r.^^sc,  j^  mezi': r^ne,  and  between 
:!:r  £-1.:  ..r^i^  :«  _.:^  :^i  lri:r  profundus  digitcrum 
:__-..-<.  1?  :.:  :^  :i:  ir.i-i:,:  c-i-iritiis  mxii^le,  when  it 
i. --.  i ;<  :_ : .  :" .  :c ."_  .i.  _1 ".  rii. : Lr;? — c Le  to  reach  the  f runt 
:  :^:  .u:  is.  :!-:  .-.^.r  iL-i  l-r^er  lierces  the  intero&ieoiLs 
r.:_-r-z-  :.  r:  .,1.  :_.  '-.i.k  ::  tie  ciinas.  It  is  accom- 
;..:_-- 1.  -_,::  :_  ::.l:  .;  :le  iL:crv:»ss<.vus  membrAne,  hv 
:1.  i.:.:.:..:  ^t^r  --i^-:^  '. ?j.l:1-  ,:  the  median  nerve.  It 
5":  •  .-.-J-  «  -  lr..L/i-:5  :^  tie  deep  muscles  of  tht 
:  rf  :j:.:::  .  ^  .  •  vr:.L:i:.  v^zioh  is  occasionally  an 
ir:-:r.-  ,:  .•.:!>. .l-.ru/.r  <:^c,  c.:cv:n:;siiiies  and  supplies 
:r-r  -L.-'.-.^z  L.rv..  :.-_.i  dt>>>;L-is  ^itii  it  to  the  palm 
::  :!it  l-l..  .  * -.  *  Vr:.L.Lt-,  to  enter  the  foramina 
1'^   tl-    -„;.::>  ^i    :!-:    rji.iius    ^nd    ulna.       The  ^-t^m.^r 

I  '-  -r  •  ;.r:;:v  :  .>c^c:?  l,ukv\ards  through  the  inleixi^- 
Sv  U5  5:  .:-c\  .^.;  'v-.:v,  tvi:  :!;;  su:  inator  brevis  andeitens* : 
•  ^^i-  :::::-:;-ri    :- Hi.is    n:i:<:Its    to    sui  i»:t    the  muscica 

II  :Le    ':.:-k   «.:   :Le   :\re  crn:  :  it  gives  off  the  ^^.^sf^^n- r 
•     ;-      :;     :■••'.'  lr;.::ch.  which  ascends  under  cover 

vi  tie  aL:.:.eu5  to  the  i:.:cr^\vl  between  the  outer  condvlt 

m 

'.:.   J/  >     " '  •  Lr.i::ohts  to  muscles  of  fi-re  arm. 

e.  r  y-  .  ••  r.  T"  C^r\-'\  a  small  and  inconst^:.: 
^. ran^b,  ari-es  cjixsite  the  wrist,  and  forms  an  arch  w:il 
the  I'O.-tcrit.r  ni'.li.il  ^\;r:  ■:.]  a:  the  back  of  the  carj:»us,  and 
.•^uj'piit.-  tL-  articulati  :>. 

/.  A.'f^ri'r  I'li'-ir  C''  .  '.  ai--o  small  and  inconstant,  ii 
C(Atred  bv  the  dtxor  tendons,  and  forms  an  arch  with  tic 
anteri(jr  radial  carpal  on  the  front  of  the  carj>us,  the  arti- 
culations of  which  it  supplies. 


ABTESnS  or  HAND. 


The  pftlmar  portion  of  the  oloar  artery,  or  mperficial 
palmar  aicli,  gives  origin  to  the  following  branches  : — 


Fici.  126.— DIagntnofths  ArtnicaofthaHuid. 
■1  Btsf;  T.  loparfictal  TDkri  P.  DMrla  nsu  polUdii  I.utsTo' 
I  Mb  of  aa  tail ;  U,  nliw!  D.  Ita  dHB  bnach  i  c,  e,  slur  mid  ndUl 
aip^bniKhia;  4d,it  AdlftuIbrUK^tufnimUMi        '' 


ff.  Profunda  or  deep  branch  arises  jost  beyond  the  pisi- 
form bone,  and  dips  between  the  flexor  brevui  and  ab- 
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ductor  minimi  digiti  into  the  deep  part  of  the  palm,  t^ 
it  inosculates  with  the  radial  artery  to  f ona  tk  ^ 
pahnar  arch ;  it  is  accompanied  by  the  deep  bcmch  d  u 
ulnar  nenre. 

h.  Recurrent  branches,  small  and  inconstaiit  in  dbbIa 
run  upwards  towards  the  anterior  annular  ligameDt 

i.  Digital  brancheS|  four  in  number,  arise  finm  tbe^ 
vezity  of  the  arch ;  the  first  runs  down  the  ulur  boc? 
of  the  little  finger ;  the  second  runs  to  the  deft  bctiv 
the  little  and  ring  fingers,  bifurcates,  and  the  bniM^  - 
bifurcation  supply  the  contiguous  borders  of  those  fiofCR 
the  third  goes  to  the  cleft  between  the  ring  and  ni^ 
and  the  fourth  to  the  cleft  between  the  middle  and  iat^ 
where  they  bifurcate  and  supply  the  contiguous  htriea  - 
their  respective  digits.     Opposite  the  middle  of  tiie  qb^ 
phalanx  the  digital  arteries  from  the  two  borden  of  9& 
finger  converge,  anastomose  and  fonn   an  ardi  oi^ 
palmar  surface  of  the  phalanx,  from  which  small  bna*' 
arise  to  supply  the  tip  of  the  finger. 

The  superficial  palmar  arch  is  subject  to  vaiiaticBi  - 
its  formation ;  the  ulnar  may  not  be  joined  by  the  fs^ 
ficialis  volsB,  or  by  the  index  branch  of  the  radiil  m^ 
or  the  ulnar  artery  may  be  relatively  smally  aa^  ^"^ 
branches  of  the  radial  artery  may  take  a  largsr  abi^ 
the  formation  of  the  arcL 

The  branches  which  arise  either  directly  or  iD&^' 
from  the  ulnar  may  be  arranged  according  to  their  ^ 
bution  in  six  groups  :-^ 

V  1st,  To  muscles  of  fore  arm  :  muacular  and  intero*^* 

.   2c?.  To  bones :  nutrient  artery. 
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'  3dL  To  elbow  joint :  anterior  and  posterior  nlnar  zecor- 
rent,  posterior  interosBeouB  recurrent  artery. 

ith.  To  wrist  joint :  anterior  and  posterior  ulnar  carpal 

6th.  To  muscles  of  hand :  deep  ulnar  artery. 

6^  To  digits :  the  four  digital  arteries. 

The  Radial  artery  extends  down  the  radial  side  of  the 
front  of  the  fore  arm,  tarns  round  the  outer  side  of  the 
wrist^  below  the  styloid  process  of  the  radius,  to  the  back 
of  the  hand ;  then  passes  between  the  first  and  second 
metacarpal  bones  to  the  palm,  across  which  it  runs  as  &r 
as  the  fourth  metacarpal  bone,  where  it  joins  the  deep 
branch  of  the  ulnar,  and  forms  the  debp  palmab  astkbial 
AXCH.  In  the  fore  arm  the  radial  artery  is  placed  so  near 
the  surface  that  it  is  covered  only  by  the  skin  and  fascia, 
though  in  muscular  arms  the  supinator  longus  overlaps  it. 
It  lies  on  or  over  the  radial  tendon  of  the  biceps,  the 
supinator  brevis,  pronator  teres,  radial  origin  of  the  flexor 
aublimis,  flexor  poUids  longus,  and  pronator  quadratus 
muscles,  and  on  the  lower  end  of  the  radius.  To  its  outer 
aide  is  the  supinator  longus ;  to  its  inner  side  the  pronator 
teres  in  the  upper,  and  the  flexor  carpi  radialis  in  the 
lower  part  of  its  course ;  as  it  lies  between  the  tendons  of 
the  supinator  longus  and  flexor  carpi  radialiB,  its  pulsa- 
tions can  be  readily  felt  in  the  living  body.  It  is  accom- 
panied by  the  deep  radial  veins,  and  the  radial  nerve  is 
close  to  its  outer  side  in  the  middle  third  of  the  fore  arm. 

At  the  wrist  and  back  of  the  hand  the  radial  artery  is 
crossed  by  the  three  extensor  tendons  of  the  thumb,  and 
rests  on  the  external  lateral  ligament  of  the  wrist  and  the 
back  of  the  carpus. 

As  it  enters  the  palm  it  goes  between  the  two  heads  of 
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.ti'-i'' 


:••'!.-;:.<  rii^o'f.  diiJ.  j^  tl:e  dtei>  palmar  arob 
r  is  c  V ::■..:  Vy  :^.i  d,x.T  brwi:?  {.^-Llicis  and  the  tiesur 
'.^ii'lvs  :i   clic  "i".::-^  .  iz  t\<Z6  o'jl  the  iuterxvs-sei  muscles 

Vi'2    Ti\\C  jL.t- rv  r^  :Iie    Krt  ar'n  ^ives  oriLjia  to  tlit 

'!.  /':'■''  /.  •■  •'■■  -''  arisfs  just  K-low  the  elbow,  and 
.L.MOU i-  :::  :*•  n:  ;t  :l:e  brwliiili:?  auticii5  to  ilie  iuterval 
loLwet:".  tV  i:  z-/-:>c\o  .irii  the  SMT'iiiatcr  1ouj:iis. 

'■.   M  .^"  '  "•  bniiclics  to  mii^olcsi  of  fort  arm. 

•.  A  *  •'  "  R  '  '  -'  C  t'-yu  ari^ts  cloc>e  to  the  wrist,  aiii 
f  nrii  vvi:ii  rhv.  a!i:.ri  r  ul:\ir  carpal  an  arch  in  front  vi 
t  ij  oarval  j..  ii'ts. 

d.  *>'  .'-;■•''  l'''-'-  ari.>.s  oloc?e  to  the  wrist,  and 
ij.-soeiids  to  tiic  bait  oi  :he  :humb,  where  it  supphess  ihr 
mu-cl-.s  ac  I  iu.  c?o:;latcs  w::h  the  ulnar  artery  to  assist  ic 
lurmiiij:  the  su^'crr.cial  palmar  arch. 

At  the  wrist  and  back  of  the  hanci  arise — 

e,  Fjyt'r'  '■  /i  '  :'/  'l'  Ci'-i 't\  which  runs  across  the  back 
oi  the  wrist,  and  forms  an  arch  with  the  j^)Osterior  uln-r 
caq)al  ;  from  this  arch  arise  the  dorsiil  intem^-^^nis  branches 
fur  the  third  and  fourth  metacarpal  spaces. 

/.  \st  r>  'vsd  I.'*rn>.<.<r\nis  descends  suj)erficial  to  thr 
second  dorsal  interosseous  muscle  as  far  as  the  cleft  bet wtxL 
the  index  and  middle  hngers. 

r/.  Dors'd  hranrhs  for  Thumby  two  in  number,  desotn- 
on  the  radial  and  ulnar  bordei^s  of  the  back  of  the  nit*.:- 
cari>al  bone  of  the  thumb. 

k.  Dorsal  Irauch  for  Indtw  descends  on  back  of  iceia- 
carpal  bone  of  index  finger. 


In  the  pslm  of  tbe  hand  the  ndisl  uteiy  and  tha  deep 
arch  riuch  it  forms  give  origia  to — 


Tia.  138.— Diagram  of  the  ArtMici  ot  the  Hud. 

al  aitoij:  V,  npHfldal  T«l*r;  F.  uteri*  m>(BSpoUtd*i   t.  uUrr  ot 

.     iMiMM*tttbtbita:  U.dIdu:  D.  IU  de«p  tirueli ;  (,  e,  nlniir  ud  mdlil 

iivrtor  mpal  bnncliHi  A  A  liL  4  diflul  braodw*  (nm  Iba  npoAelil  palmsr 

'      ■  -  ■    J  bfmehm  Irom  tin  dMp  mil;  ft  ft  p,  p*rfQf»Un( 


a,  Arteria  Magita  PoUieit,  which   runs  close   to  the 
netacarpal  bone  of  the  tbumb,  luid  diTides  into  two  digital 
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the  abdnctor  indicis  muscle^  and,  as  ihe  dflepplwi^l 
it  18  covered  by  the  flexor  breris  poUkii  ad  ^ 
tendons  oi  the  fingers ;  it  rests  on  the  iotaQMii 
and  the  metacarpal  bones. 

The  radial  artery  in  the  fore  arm  givn  w^  ^^ 
following  branches : — 

o^  Radial  Recurrent  arises  jost  bdow  llie  db(^0 
ascends  in  front  of  the  brachialis  aaticiis  to  die  ^ 
betw^n  that  muscle  and  the  supinator  loaguL 

h.  Muteular  branches  to  muscles  of  f  ore  sm. 

c  Anterior  Radial  Carpal  arises  dose  to  Ae«4 
forms  with  the  anterior  ulnar  carpal  an  srck  is  tt 
the  carpal  joints. 

d,  Superfidal  Velar  arises  dose  to  the  vxil 
descends  to  the  ball  of  the  thumbs  where  it  ffi|||i 
musdes  and  inoscukteB  with  the  ulnar  arteiy  to  9 
forming  the  superficial  palmar  arch. 

At  die  wrist  and  back  of  the  hand  arise — 

e.  Posterior  Radial  Carpal^  which  runs  aooi 
of  the  wristy  and  forms  an  aidi  with  the  poflttf 
carpal ;  from  this  arch  arise  the  cforao/ MterMosMi 
for  the  third  and  fourth  metacarpal  spaces. 

/.  1«^  DcTBal  Intero89eom$  descends  aupofict 
second  doxBsl  interosseous  mnsde  as  far  as  the  (k 
the  index  and  middle  fingers. 

g.  DotmU  braneheifor  Tkumb^  two  in  nunb 
on  the  radial  and  ulnar  borders  of  the  bai^  <f 
carpal  bcme  of  the  thumb. 

h.  Darmd  hroMckfor  Index  descends  oa  ba 
carpal  bone  of  index  finger.  -^ 


IN0SCULATI0K8  IN  UPPER  LIHB.  455 

branches  of  the  axillary.  Around  the  elbow  joint 
the  three  descending  branches  of  the  brachial  artery, 
▼UL,  the  superior  profanda,  inferior  profunda  and  anasto- 
moticy  inosculate  with  the  four  ascending  or  recurrent 
arteries.  Thus,  at  the  outer  and  anterior  part  of  the  joint, 
the  superior  profunda  anastomoses  with  the  radial  recur- 
rent^ and  at  the  outer  and  posterior  the  superior  pro- 
funda with  the  posterior  interosseous  recurrent;  at  the 
inner  and  anterior  part  the  anastomotic  inosculates  with 
the  anterior  ulnar  recurrent^  and  at  the  inner  and  posterior 
the  anastomotic  and  inferior  profunda  with  the  pos- 
terior ulnar  recurrent.  If  the  brachial  artery  were  tied  or 
occluded  from  any  cause,  these  anastomoses  would  enlarge 
and  convey  the  blood  into  the  arteries  of  the  fore  arm. 

In  the  front  of  the  fore  arm  the  short  muscular  branches 
of  the  radial  and  ulnar  arteries  anastomose  with  each 
other,  and  with  the  anterior  interosseous  of  the  ulnar;  and 
on  the  back  of  the  fore  arm,  the  posterbr  interosseous 
with  the  perforating  branch  of  the  anterior  interosseous. 
Around  the  wrist  joint  not  only  are  there  the  inosculations 
of  the  carpal  arches,  but  the  anterior  carpal  arch  anastomoses 
with  the  anterior  interosseous  and  the  recurrent  branches 
of  the  deep  palmar  arch ;  and  the  posterior  carpal  arch 
with  the  perforating  branch  of  the  anterior  interosseous. 
In  the  hand  the  anastomoses  are  numerous ;  not  only  does 
the  ulnar  artery  itself  join  the  volar  and  index  branches  of 
the  radial  artery  to  form  the  superficial  palmar  arch ;  and 
the  radial  artery  itself  join  the  deep  branch  of  the  ulnar 
to  form  the  deep  arch;  but  the  palmar  interosseous 
blanches  of  the  deep  arch  anastomose  with  the  digital 
branches  of  the  superficial  arch;  again  the  two  digital 
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uirT-^  T«:*>?::-j  u\:z.z  the  b.ric-rs  of  each  digit  anastomose 
-z.  ire  y-J.r^-^  ^- .-:':.>:  -:•:  tie  iiL^iial  phalanx,  and  the  per- 
:.r:.:::-j  *:r:.„  itf  :'  t'r^  deep  arch  anastomose  on  the  back 
::  :'i.r  i.:.Li  wiih  ihe  nitrt^carpal  and  posterior  carpal 
z^ntri-.s.  O'^^i^z  to  :Le  i^u'itijlioity  and  freedom  of  the 
::..'S:uli::.:^  in  tic  Lriiid.  wounds  of  the  arteries  are  apt  to 
v.':v:-a-'.  r.  tr  ul !•:>>:::: e  haDicrrLage.  If  in  the  development 
tf  iLt  :.r:er*e?  of  the  h:ind  any  one  of  the  vessels  has  not 
r-i':iei  iti^  « -rdiniTy  din:er.5i:«ns,  in  order  to  compensate  for 
:t5  rcii::vd  -iie.  one  or  more  of  the  arteries  which  inoscu- 
late w::b  it  is  more  Lirgely  developed,  so  as  to  convey  to 
the  j'3r:  tht  arjuiint  of  blood  that  is  required  for  nutrition  ; 
fruin  this  circumstar.ee  variations  in  the  relative  size  of 
the  arttri^.s  are  not  unfrequently  found  in  the  hand. 

C'-V'A'id  SV'^ttm  of  AHeries. 

This  system  is  composed  of  the  arteries  of  supply  for  the 
ne<;k  and  head,  and  consists  of  the  common  carotid  artery, 
of  its  two  branches  of  bifurcation,  the  internal  and  externa! 
carotids,  and  of  their  several  branches. 

The  Common  Carotid  artery  varies  in  its  origin  on  the 
two  sides  of  the  body.  On  the  right  side  it  arises  from 
the  arteria  innominata  opposite  the  right  Btemo-claviculir 
joint ;  on  the  left  it  arises  from  the  transverse  part  of  the 
arch  of  the  aorta  between  the  arteria  innominata  aud  the 
left  subclavian  artery,  but  nearer  to  the  former  than  to  th* 
latter.  Both  common  carotids  run  up  the  neck  by  tht^ 
sides  of  the  windpipe,  and  when  they  reach  the  level  of  the 
upper  border  of  the  thyroid  cartilage  they  divide  into  the 
internal  and  extern  d  carotid  arteries. 
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The  left  common  carotid  is  longer  tlian  the  right ;  it  is 
placed  at  fizBt  in  the  upper  part  of  the  thorax,  in  which  it 
ascends  as  far  as  the  left  sterno-claTicular  joint;  it  is 
covered  by  the  manubrium  stemi  and  the  remains  of  the 
thymus  gland,  and  is  crossed  by  the  left  innominate  vein. 
It  lies  at  first  in  front  of  the  trachea,  and  then  in  front  of 
the  (esophagus  and  thoracic  duct. 

In  the  neck  each  common   carotid  artery  is  enclosed 

along  with  the  internal  jugular  vein  and  vagus  nerve  in  a 

sheath,  formed  of  the  cervical  fascia ;  it  is  covered  in  the 

lower  part  of  the  neck  by  the  stemo-thyroid,  stemo-hyoid, 

and  stemo-mastoid  muscles,  cervical  fascia,  platysma,  and 

skin ;  it  is  crossed  opposite  the  cricoid  cartilage  by  the 

anterior  belly  of  the  omo-hyoid  muscle,  above  which  it  lies 

in  the  anterior  triangular  space,  where  it  is  overlapped  by 

the  inner  border  of  the  sterno-mastoid,  which  forms  a 

definite  guide  to  the  position  of  the  artery,  and  is  covered 

by  the  cervical  fascia,  platysma  and  skin.    It  rests  behind 

on  the  cervical  vertebrae,  the  longus  coUi,  and  rectus  anticus 

major  muscles,  and  the  inferior  thyroid  artery  crosses  behind 

its  sheath.     To  the  inner  side  of  the  artery  are  the  trachea, 

larynx,  thyroid  body  and  pharynx,  and  the  thyroid  body 

when  enlarged  overlaps  the  artery.     The  greater  width  of 

the  lar3mx  than  of  the  trachea  causes  the  two  carotids  to 

be  further  asunder  in  the  upper  than  the  lower  part  of 

tbeir  course.     A  chain  of  lymphatic  glands  lies  in  the  neck 

{larallel  to  the  common  carotid,  and  when  enlarged  they 

sometimes  overlap  the  artery.     The  internal  jugular  vein 

descends  close  to  the  outer  side  of  the  artery  in  the  same 

sheath,  whilst  the  superior  thyroid  vein,  which  joins  the 

internal  jugular,  crosses  the  upper  part  of  the  artery,  and 
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arteries  passing  along  the  borders  of  each  digit  anastomose 
on  the  palmar  surface  of  the  ungual  phalanx,  and  the  per- 
forating branches  of  the  deep  arch  anastomose  on  the  back 
of  the  hand  with  the  metacarpal  and  posterior  carpal 
arteries.  Owing  to  the  multiplicity  and  freedom  of  the 
inosculations  in  the  hand,  wounds  of  the  arteries  are  apt  to 
occasion  troublesome  haemorrhage.  If  in  the  development 
of  the  arteries  of  the  hand  any  one  of  the  vessels  has  not 
reached  its  ordinary  dimensions,  in  order  to  compensate  for 
its  reduced  size,  one  or  more  of  the  arteries  which  inoscu- 
late with  it  is  more  largely  developed,  so  as  to  convey  to 
the  part  the  amount  of  blood  that  is  required  for  nutrition  ; 
from  this  circumstance  variations  in  the  relative  size  of 
the  arteries  are  not  unfrequently  found  in  the  hand. 

Carotid  Sysfan  <\f  Arteries. 

This  system  is  composed  of  the  arteries  of  supply  for  the 
neck  and  head,  and  consists  of  the  common  carotid  artery, 
of  its  two  branches  of  bifurcation,  the  internal  and  external 
carotids,  and  of  their  several  branches. 

The  Common  Carotid  artery  varies  in  its  origin  on  the 
two  sides  of  the  body.  On  the  right  side  it  arises  from 
the  arteria  innoniinata  ojiposite  the  right  etemo-clavieular 
joint ;  on  the  left  it  arises  from  the  transverse  part  of  the 
arch  of  the  aorta  between  the  arteria  innominata  and  the 
left  subclavian  artery,  but  nearer  to  the  former  than  to  the 
latter.  Both  common  carotids  nin  up  the  neck  by  the 
sides  of  the  windpipe,  and  when  they  reach  the  level  of  the 
upper  border  of  the  thyroid  cartilage  they  divide  into  the 
internal  and  extcnml  carotid  arteries. 
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The  left  common  carotid  is  longer  than  the  right ;  it  is 
placed  at  first  in  the  upper  part  of  the  thorax,  in  which  it 
ascends  as  far  as  the  left  sterno-clavicular  joint;  it  is 
covered  by  the  manubrinm  stemi  and  the  remains  of  the 
thjmus  gland,  and  is  crossed  by  the  left  innominate  vein. 
It  lies  at  first  in  front  of  the  trachea,  and  then  in  front  of 
the  (esophagus  and  thoracic  duct. 

In  the  neck  each  common   carotid  artery  is  enclosed 

along  with  the  internal  jugular  vein  and  vagus  nerve  in  a 

sheath,  formed  of  the  cervical  fascia ;  it  is  covered  in  the 

lower  part  of  the  neck  by  the  sterno-thyroid,  stemo-hyoid, 

and  stemo-mastoid  muscles,  cervical  fascia,  platysma,  and 

skin ;  it  is  crossed  opposite  the  cricoid  cartilage  by  the 

anterior  beUy  of  the  omo-hyoid  muscle,  above  which  it  lies 

in  the  anterior  triangular  space,  where  it  is  overlapped  by 

the  inner  border  of  the  stemo-mastoid,  which  forms  a 

definite  guide  to  the  position  of  the  artery,  and  is  covered 

by  the  cervical  fascia,  platysma  and  skin.     It  rests  behind 

on  the  cervical  vertebrae,  the  longus  colli,  and  rectus  anticus 

major  muscles,  and  the  inferior  thyroid  artery  crosses  behind 

its  sheath.     To  the  inner  side  of  the  artery  are  the  trachea, 

larynx,  thyroid  body  and  phaiynx,  and  the  thyroid  body 

when  enlarged  overlaps  the  artery.     The  greater  width  of 

the  larynx  than  of  the  trachea  causes  the  two  carotids  to 

be  further  asunder  in  the  upper  than  the  lower  part  of 

tlieir  course.     A  chain  of  lymphatic  glands  lies  in  the  neck 

pai-allel  to  the  common  carotid,  and  when  enlarged  they 

sometimes  overlap  the  artery.     The  internal  jugular  vein 

descends  dose  to  the  outer  side  of  the  arteiy  in  the  same 

sheath,  whilst  the  superior  thyroid  vein,  which  joins  the 

intenial  jugular,  crosses  the  upper  part  of  the  artery,  and 
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^  _-..:_-—  I   :.  it.—  ::^  -:  -^  fr.  "  I  .:  il^  c-dr.tii  sheath  : 

:_-  :  ::  .:  :_:  r"  .-ir:,.  Lr>  Ivi-ind  the  shcith, 
:i---.L  .:  1-1  :ir  ;:-':-<\ril  r-u.>..Ie^:  tie  recurrtLt 
-."--.--      :.'_.i     .:   :_ :    V — -ii>    ;^.rzi>    to    the    hmiix 

•         -  ^  « 

0  _  

::.  t  _:  ._  i  - ..::  l  :  :i:  trru-iii^l  iaterual  ^ud  extcrnJ 
.  ..-.:  >.  i:  .-".-:?   .•::   i:  iii  n:ir  :ti  rirvLroation  s^iue  Hia- 

:"■  -_-.  *• '-  :   ."_-  t-r      ':    ■  •-  ■' V    .v: -  ;  .'^h  or   i^^^r-'ir.:- 

'  7 ..  -  '  .  • : ;  ■  : ?  >  •„-.:.:„,-<  rt : r  rr-oi  to  tLe  s viupat Lc :  c 

:.-:-  :-  -;_-::„.  "  i:,  i>  .'nl:.:?  Aru.li  h.^^^  sliowu,  it  :^ 
t  :.:.  :  ..  v  :  ::  .--l,  !:Vv  :Lv  .\v:.v^il  K>iv,  of  tonut-u- 
.L 1  ..\'..  ,  ir.r:..  :^^.  T'^r  w^ls  cf  the  dilatat:i:T:> 
.. .  :. .:  5  :l-:-k  -L>  i:^  :'.:j  c\  :w^'':.iI  Kxiv,  the  mi:>^-^lM: 
c  .:  i-  -M  i  ::  "  -  :'  -.:;:,  Viit  the  vi:lata:i.us  contain  l:iyf:> 
«  :  I  .;•'_■  :- /-  •  ./>.  1  .M:..'Lei  nen^e  ot-l'.s  an:*  fouLa  in  tl-. 
c  :.:..:::•>-  v.--:,.  v. Li,L  ^iive^i»es  the  b^iiv. 

1'^-:  lN7r7.\AL  k;r  I'l'i?  C-vKt'iro  anerv.  one  of  t:.- 
r.v ;  :•-.::.••!.  .1  l.•;-:l.L.^  v.i  the  cumiuon  carotitL  U.^-j- 
v'i  ;<-::-  i'::^  -i  1 -^  '  " '-^it  of  the  thyroid  cartilace  ;  :* 
:i-..  :.'1.>  in  t...  i..  k  at  the  side  of  the  phaniix  and  tv:>;- 
a>  h:_:h  c;-^  iLj  "--.i^-  -  f  the  skulh  thea  enters  the  car. :.. 
Call  il  in  tl'.c  ]--•::•  i:^-tcm]'"rah  leaves  that  canal  at  its  u: '  : 
jriti'-.'  ixitd  ciit'jr.-  the  cranial  cavitv,  where  it  Iic>  m  - 
:,'r.jOYe  <>n  the  ^iJe  vl  the  budy  of  the  sphenoid  Ki:^ 
here  it  furiii.^  a  >igiuuid  curve,  and  terminates  cl^>se  to  L.t 
antcriur  clinoid  process  by  dividing  into  the  anteriur -i  ^ 
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middle  cerebral  arteries.     At  its  origin  in  the  neck  it  lies  in 
the  anterior  triangular  space,  and  is  covered  only  by  the  skin, 
platysmay  and  cervical  fascia ;  but  as  it  ascends  it  becomes 
more  deeply  placed,  and  the  posterior  belly  of  the  digastric 
and  stylo-hyoid  muscles,  the  hypoglossal  nerve,  the  external 
carotid  and  occipital  arteries,  the  parotid  gland,  the  stylo- 
glossus and  stylo-pharyngeus  muscles,  stylo-hyoid  b*ga- 
ment,  glosso-pharyngeal  nerve  and  pharyngeal  branches  of 
the  ner?us  vagus  are  between  it  and  the  surface.     It  lies 
in  front  of  the  rectus  capitis  anticus  major  muscle  and  the 
cervical  vertebrae.     To  its  outer  side  is  the  internal  jugular 
vein,  whilst  the  vagus  nerve  and  the  cord  of  the  sympa- 
thetic are  behind  it 

In  the  carotid  canal  and  cranial  cavity  the  artery  is 
accompanied  by  the  ascending  prolongation  of  the  gan- 
gliated  cord  of  the  sympathetic,  which  forms  the  carotid 
and  cavernous  plexuses  around  the  artery.     On  the  side  of 
the  body  of  the  sphenoid  it  lies  on  the  inner  wall  of  the 
cavernous  blood  sinus,  and  has  the  sixth  cranial  nerve  in 
contact  with  its  outer  surface;  whilst  the  third  and  fourth 
cranial  nerves,  and  the  ophthalmic  division  of  the  fifth  lie  in 
the  cater  wall  of  the  cavernous  sinus.     Close  to  the  ante- 
rior clinoid  process  it  pierces  the  dura  mater,  and  becomes 
covered  by  the  visceral  arachnoid  prior  to  its  termination. 
No  branch  arises  from  the  internal  carotid  in  the  neck. 
In  the  carotid  canal  a  small  tympanic  branch  arises,  which 
enters  the  tympanum.     When  in  the  inner  wall  of  the 
cavernous  sinus  minute  branches,  named  arterice  receptaculi, 
l>aas  to  the  walls  of  the  sinus;  but  the  chief  branches  of 
the  internal  carotid  are  to  the  eyeball  and  other  contents 
of  the  orbit^  and  to  the  brain. 
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'  irr.'^x  :h-  scl^r  -tic  cv;»at  U- 
c:!LrT  j'r'.-co^oc-s:,  and    iri>  . 
:   :.  .. .-  :.    t'.i-   ii.u-^lt'^  :  'J  '-»-'"•- an  1  ^ -^'rr.'^- 
"'..'..Li--.   '^Li.li  T'^^i  tLn-UL'h    the    etbmL^iLi'. 
:.  1  -  :-  •  Iv  iLc  :i.:"iCcDt  i-art  of  the  dura  mater 
.  :'.  L.-  t  >  tLe  two   evc-lids  :  /t^i.^il  branch  to 
:":  '  I.  >?  :  >  ^■•'i-or'i*'yl  branch,  which  ja-st* 
;  .-'.;  "..-I  :'inl  nctch  to  the  >kiu  and  muscles  I'f 
i  :  ;.':i  .ifi-'nt*'^  branvh,  which  is  distributed  t'' 
'1.  iiitvri)  C  to  the  supni-orbital. 
'J';i'-  I'l  i!,(  Ii';>  of  the  intoiiKil  carotid  for  the  suj>i>ly  << 
tli'j   ]»niiii    nro  tlrj   Tiiii.ldle  and  anterior  cerebral  and  tht 
jr.-f •j-jor  ri-iiiiiniiiicating. 

Tlic  M't<l}h^  (\r'hr<il  a rttry  extends  outwards  into  the 
»SyIv;;in  fi--'iiv,  divides  into  branches  in  the  pia  niat.-r. 
and  SI  I] 'plies  tl)c  inland  of  Ileil,  the  orbital  convolutiunN 
the  irilVri(,r  ;nid  ascending  frontal  convohitions,  and  the 
coiivohilions  of  tlie  parietal  and  temporo-spbenoidal  lolx;* 
it  ;ils()  j^ivcs  iHrfi>ritfii(<j  branches  through  the  locus  perft«- 
ratns  antlms  to  tlie  corpus  striatum,  and  sends  a  r/^(>p.^#  • 
bninch  to  tlie  choroid  plexus  of  the  velum  interix)situn? 
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The  AnimoT  Cerfbr^  arteiy  runa  forward  in  the  longi- 
tudinal fi&aure,  then  tnr&a  upwards  in  front  of  the  corpos 
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Uosum,  and  then  passes  bockworda  in  cloae  relatjon  to 
upper  surface  i  it  supplies  the  convolutions  of  the  inner 
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face  of  the  hemiaphere  from  the  anterior  end  of  the  bcau 
lobe  as  far  back  aa  the  internal  parieto-oodpital  fiauR)  i^** 
the  corpus  caUosom,  and  the  saporior  and  middle  froLi- 
oonvolntions. 

The  Potteriar  Commwiicatinff  artery  is  a  slender  hnn^ 
which  mns  backwards  to  anastomose  with  the  poster..* 
cerebral  artery. 

At  the  base  of  the  brain  not  only  do  the  two  intent 
carotids  anastomose  with  each  other  through  the  a»ir^- ' 
commnnieating  artery,  which  passes  between  their  laU^ ' 
cerebral  branches,  bat  the  internal  carotid  on  eadi  &- 
anastomoses  with  the  posterior  cerebral  branch  d  - 
basilar,  by  a  posterior  communicating  artery.  In  **^' 
manner  a  vascular  cirde,  the  circle  (^  WQlis,  is  foff^' 
which  permits  of  freedom  of  the  arterial  circulation  by  '^ 
anastomoses  between  arteries  not  only  on  the  ftsstf  »■ 
but  on  opposite  sides  of  the  mesial  plane. 

But  further,  the  branches  which  pass  to  the  cooTck*' 
surface  of  the  hemisphere  anastomose  to  some  exv- 
with  each  other ;  thus  the  anterior  and  middle  €tn<' 
anastomose  on  the  frontal  lobe,  and  the  anterior  in«i  V 
terior  cerebral  anastomose  on  the  inner  face  of  the  II 
sphere  near  the  posterior  end  of  the  corpus  callosum. 

The  vertebral  and  internal  carotid  arteries,  which  i»: 
arteries  of  supply  for  the  brain,  are  distinguished  Vj  . 
lit  some  depth  from  the  surface  in  their  course  ti. 
organ,  by  having  carves  or  twists  in  their  coarse,  vhr 
the  force  of  the  flow  of  blood   is  retarded,  and  I) 
absence  of  large  collateral  branches.      Further,  as  the 
thalmic  artery  is  a  branch  of  the  internal  carotid,  the  u 
lation  in  the  eyeball  is  in  sympathy  with  that  in  the  l'- 
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The  External  Carotid  artery  ia  the  more  superficial 
of  the  two  terminal  branches  of  the  common  carotid :  it 
begins  opposite  the  npper  border  of  the  thyroid  cartilage, 
and  ascends  to  opposite  the  neck  of  the  condyle  of  the 
lower  jawy  where  it  divides  into  two  terminal  branches, 
the  temporal  and  internal  maxillary  arteries.     At  its  com- 
mencement it  lies  in  the  anterior  triangular  space  of  the 
neck  internal  to  the  internal  carotid  artery,  overlapped  by 
the  stemo-mastoid,  and  covered  by  the  skin,  platysma, 
and  fascia;  but  as  it  ascends  it  reaches  a  plane  super- 
ficial to  that  artery,  and  is  crossed  by  the  hypoglossal 
nerve  and  the  posterior  belly  of  the  digastric  and  the  stylo- 
hyoid muscles.     It  then  enters  the  substance  of  the  parotid 
gland,  where  it  i&  crossed  by  the  facial  nerve  and  external 
jugular  vein.     In  the  upper  part  of  its  course  it  is  sepa* 
rated  from  the  internal  carotid  artery  by  the  stylo-hyoid 
ligament,  stylo-glossus  and  pharyngeus  muscles,  glosso- 
pharyngeal nerve,  and  pharyngeal  branches  of  the  nervus 
valgus. 

The  external  carotid  gives  origin  to  a  number  of 
branches,  of  which  the  superior  thyroid,  lingual,  facial, 
and  internal  maxiUary  run  forwards  and  inwards ;  the  occi- 
pital and  posterior  auricular  run  backwards  and  outwards ; 
and  the  ascending  pharyngeal  and  temporal  run  almost 
directly  upwards. 

a.  Superior  Thyroid  artery  arises  from  the  external 
carotid  close  to  its  origin ;  it  runs  downwards  and  inwards 
in  relation  to  the  superior  comu  of  the  thyroid  cartilage, 
and  ends  in  the  substance  of  the  thyroid  body.  From  it 
arise  a  kyoid  branch,  which  runs  inwards  below  the  hyoid 
l>one :  a  stemo-mastoid  branch  which  runs  downwards  and 
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oulwiirili  siiiicrficiai  to  the  carutid  sheath,  to  suppiv  the 
iti.ru  Ilia  1  hI  iim-'ck  a  i  j"  i  r  lai  /i  ie  il  branch  Kbiih 
1  LiL  ■>  the  tbjri-Lji  d  n  eml  raiic  along  «ith  the  uj-e- 
1        1    M      nl  11  n     -ill!  MiiiliiB  the  iiiucoiw  meuilraiu' 


n     I    II         r  A  1  • 


am!  tmumIi;-;  of  tin-  lurvux  :  a  n-!>-n.il;,r;,'iil  branch,  whkh 
TM\f-  inwanls  suin'ilirial  to  the  criro- thyroid  iueml>nini'.  and 
fiirms  \\y  niiiHtuiin'^iiig  with  the  opposite  cricO'thyro-J 
arlvry  ati  arterial  nroli.  The  Urmimil  thyroid  bnucbes 
sui'i'ly  the  laleral  lobe  of  the  thyroid  body,  and  inosculate 
with  the  inferior  thyroid  of  the  subclaii-ian  ;  a  branch  also 
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rnns  along  the  upper  border  of  the  isthmus  to  join  the 
opposite  superior  thyroid. 

6.  The  Lingual  arterj  arises  just  above  the  superior 
thyroid  artery,  and  runs  upwards  and  inwards,  above  the 
great  comu  of  the  hyoid  bone  to  the  under  surface  of  the 
tongue.  It  passes  between  the  hyo-glossus  and  middle  con- 
strictor muscles,  and  then  between  the  mylo-hoid  and 
genio-hyo-gloesus,  when  it  assumes  the  name  of  ranine 
artery.  From  it  arise  a  hyoid  branch,  which  runs  inwards 
in  relation  to  the  upper  border  of  the  hyoid  bone :  a  dormlia 
linffTMB  branch,  which  supplies  the  muscular  substance  and 
mucous  fnembrane  of  the  dorsum  of  the  tongue ;  this  branch 
is  usually  represented  by  a  number  of  small  branches :  a 
sMitigual  branch,  which  supplies  the  sublingual  gland  and 
the  adjacent  muscles.  The  raniiie  termination  of  the 
lingual  artery  runs  along  the  under  surface  of  the  tongue 
as  far  as  the  tip  to  supply  its  muscles  and  mucous  mem- 
brana 

c.  Facial  artery  arises  above  the  lingual,  but  sometimes 

along  with  it  by  a  conunon  trunk.     It  runs  upwards  and 

inwards  through  the  digastric  triangle,  then  mounts  over 

the  horizontal  ramus  of   the  lower  jaw,   close  to  the 

anterior  border  of  the  masseter  muscle,  and  ascends  in  a 

tortuous  manner  across  the  side  of  the  face,  close  to  the 

angle  of  the  mouth,  the  angle  of  the  nose,  and  the  inner 

angle  of  the  eye.    It  is  crossed  inmiediately  after  its  origin 

by  the  stylo-hyoid  and  posterior  belly  of  the  digastric 

maacles,  and  when  in  the  digastric  triangle  it  is  enclosed  by 

the  ggbmaxillary  gland.     On  the  face  it  is  covered  by  the 

platysma  and  zygomatic  muscles,  and  lies  on  the  buccinator, 

levator  anguli  oris,  and  levator  labii  auperioris.      The 
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artery  when  on  the  face  is  crossed  by  the  branches  of  the 
facial  nerve,  but  the  facial  vein  is  not  in  close  relation  to  it. 
From  it  arise  an  ascending  jKilatin€  branch,  which  asccnJs 
between  the  stylo-glossus  and  stylo-pharjoigeus  muscles  to 
supply  the  wall  of  the  pharynx,  tonsil,  and  soft  palate :  a 
tonsillar  branch  to    the    tonsil  and  side  of   the  tongue : 
(jlandular  branches  to  the   sub-maxillary  gland :    a  #"'.- 
mental  branch,  which  runs  below  the  lower  jaw  to  the  chin  : 
J  posterior  facial  branches,  which  run  backwards  to  the  masse- 
teric region  :  inferior  lahial  branch,  which  runs  f onward  to 
the  skin  and  muscles  of   the   lower   lip:   two   covmirty 
branches,  one  to  run  along  the  free  margin  of  each  h[' 
immediately  beneath  the  mucous  membrane, — each  inoscu- 
lates with  the  corresponding  artery  of  the  opposite  side, 
and  forms  an  arterial  arch,  and  from  the  superior  coronar}* 
arch  the  s^ j>t(tl  artery  aifcends  to  the  nasal  septum  :   Infrr-'l 
nasal,  a  branch  distrilmted  to  the  side  of  the  nose.     The 
terminal  part  of  the  facial  is  the  angnlar  artery,  whidi 
ana.stom<  >ses  at  the  inner  angle  of  the  orbit  with  the  n.i^il 
branch  of  the  oplithalmic  artery. 

d.  Otriitital  artery  arises  from  the  posterior  surface  v\ 
the  external  carotid,  and  passes  upwards  and  backwards  te 
the  occipital  region.     It  goes  under  cover  of  the  pt^^te^iv  r 
belly  of  the  digastric,  and  is  crossed  by  the  hypoglo^^euJ 
nerve ;  it  then  reaches  the  mastoid-temporal  and  occii»i:.U 
bones,  where  it  is  covered  by  the  sterno-mastoid,  spleiiiuf, 
and  often  by  the  trachelo-mastoid  muscle,  whilst  it  n:*st> 
on  the  coniplexus  and  superior  oblique.     It  then  puiscrts 
through  the  occipital  origin  of  the  trapezius,  along  -will 
the  great  occipital  nerve,  and  is  distributed  to  the  back  *-: 
the  scalp.     From  it  arise  a  sterno-ma^oid  branch  to  th; 
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steroo  mastoid  masde :  a  mmingeal  branchy  wliich  ascends 
through  the  jugular  foramen  to  the  dura  mater :  princeps 
cervicU  branch  to  the  deep  musdee  of  the  back  of  the  neck : 
oecipiitU  branches  to  the  scalp. 

e.  Fo$ter%or  Auricular  arteiy  arises  from  the  external 
carotid  in  the  substance  of  the  parotid  gland.  It  ascends 
behind  the  ear,  and  supplies  auricular  branches  to  the 
back  of  the  auricle  of  Uie  ear:  cranial  branches  to  the 
scalp  adjacent  to  the  ear :  and  a  itylo-madoid  branch,  which 
enters  the  stylo-mastoid  foramen. 

/.  Ascending  Pharyngeal  artery  arises  dose  to  the  origin 
of  the  external  carotid,  and  ascends  in  relation  to  the  wall 
of  the  pharynx  to  supply  it,  the  tonsil,  and  soft  palate ;  its 
size  is  in  inverse  ratio  to  that  of  the  ascending  pala- 
tine branch  of  the  facial  It  also  gives  meningeal  branches 
through  the  jugular  foramen  to  the  dura  mater. 

g.  Temporal  artery,  one  of  the  two  terminal  branches  of 
the  external  carotid,  arises  in  the  parotid  gland.  It 
ascends  superficially  to  the  root  of  the  zygoma,  and  in  front 
of  the  ear  to  the  scalp,  where  it  divides  into  two  branches, 
an  anterior  and  a  posterior  temporal  artery,  which  supply 
the  scalp  of  the  side  of  the  head  and  the  anterior  surface 
of  the  auricle:  in  old  persons  the  temporal  branches 
become  very  tortuous.  The  temporal  artery,  whilst  in  the 
parotid,  gives  origin  to  the  transverse  facial  artery,  which 
nms  forwards  to  the  face  superficial  to  the  masseter,  and 
immediately  below  the  zygoma :  the  transverse  fadal  some- 
times arises  directly  from  the  external  carotid. 

h.  Internal  Maxillary  artery,  the  larger  of  the  two 
terminal  branches  of  the  external  carotid,  arises  in  the 
substance  of  the  parotid  gland,  and  passes  forwards  and 


.  -  -r.>  .-  ".-  :  -;:  .:  :if  :»:r.;l:r.j  r3.mus  of  tlie  lower 
■  ■•  -^-  :  -  ..-  :  :  f  /-.:  --.:>iul..rT  f. -sa,  where  it  divides 
:  :  >.-  :,'^  .....  '.  r_:..:..>.  Il  :L:-  course  it  lies  at  fot 
•.  .-"^  : -  i  -.  \-i"  -1  :  :.r;.  j.:i  ::.-.:s.'e.  ii::d  between  tlie  jaw 
:.:  \  ::.:  :■  :.-.  -^  1.::?-.  l:>::::_:f:::  :  lien  it  crosses  over  the 
t\::r.  ..  ^*:*;-  .  .r:  -.-:'.:  :":.:.:  n.i:s-.'e  auJ  the  coruiioiJ 
:•-;':..  :  :"-t  :.:.:•  r^.  :1:"_:L  it  not  unfrequeiitly 
:  ..r-.5  :...  •..:."  .;  -  T.r-j  :.l.  rcv-.n  ^:.t>  V^ehind  it:  and 
"-.--:  7  ::  ..    -  "  ■;:^-:   :"..•:  :-v    1:...'.>  vf  the  external  pten'- 

«  .'   -  ;    :>:_.>-  "..ri-  --:... Ji:y.;.rv  f».  5-a.     Its  Lraiiches 

.ir.  :.::..::     -        ,1  ..r.  ',>•.:.//;»'  ;irr:.!_-L-i  in  three  sets. 

T. -.  :  :>:  -  :  ,:  :..:./...>  :.r:-t  Ittwecu  the  jaw  and  the 
■■.::::...  ^.■.-  .  !_.:..-. \:,  :.\  1  :::  tlvir  Cjurse  enter  fora- 
:  ::  A  .:  :>-:.-  :.  :l.t  I  :;v-  f  t:.e  h^ai.  The  v  are  as 
:..."—: — -  '  r.".:..2   :..>><..-  :Lr^u_:h  the  Glaseriaa 

:—.::;  :.  ^u; ;  \y  :1  •.  :.;:..;:-  i::-.:..'*  r.;ne  uf  the  tympanimi : 

'.:;.:::.  .;-v.-.  :.!.>  under  cover  of  the 
cxtt::...  ::•, :v_  :',  :_  >/_  :  •  :Le  K:\.i:.cn  si»iuo>um  in  the 
r.  :->■  ... :.  :  i,  i.:.-.!  r:.:  .:r.-.-  ext^::>:vc'v  in  the  dura  mater  to 
- /.:  '  *v  ::  a:./»  ::.t  ::.:.•. r  :,.lle  d  the  cranial  bones-  it  dves 
^  :':  :.  .<..•''  .  .-.  -  ■'  I  r/.i.ch.  which  enters  the  skull 
t'-.r  ujh  the  i\rar..t!.  L  vale  :  /,/''/•/. r './<-. </'// branch,  which 
;<..jcoiii|'.init.'>  the  ir.:\r:.-r  liental  n:rve  ah»iig  the  dental  can;^! 
in  thu  luwt-r  j:i\v.  muI  t-iii'i'lics  the  teeth;  when  opposite 
t;ie  niL-nt.il  f'Taiiun  it  i:ivc.>-  a  z/:'/,''//  branch  to  the  struc- 
lures  uf  the  cl:!i. 

The    tecund    .-^ut    of    branches  arise  from   the    intem;i] 
maxillary  a:^  it  lies  in  contact  with  the  external  pter\'i:oii.L 
and  are  distributed  to  muscles.     They  are  as  follows: — 
iiifi^Mf/rlr  branch  to  the  masseter:  ptt/'i/r/oiJ  branches  to 
the  two  pterviroid  muscles:    hitrml  branch  to  the  bucci- 
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nator:    deep  temporal  branches  which  eater  the  deeper 
surface  of  the  temporal  muscle. 

The  third  set  of  branches  arise  in  the  spheno-maxillary 
fossa,  and  enter  foramina  or  fissures  in  the  bones  of  the 
head.  They  are  as  follows : — superior  maxillary  branch 
runs  downwards  and  forwards  on  the  upper  jaw,  supplies 
the  gum,  and  sends  euperior  denial  branches  through  small 
foramina  in  the  upper  jaw,  which  accompany  branches  of 
the  superior  dental  nerve  to  the  pulps  of  the  upper  teeth  : 
infra-orbital  branch  enters  the  infra-orbital  canal,  and 
emerges  on  the  face,  along  with  the  infra-orbital  nerve,  at 
the  infra-orbital  foramen ;  it  supplies  the  lower  eyelid  and 
adjacent  parts  of  the  face:  descending  palatine  branch 
runs  down  the  posterior  palatine  canal  along  with  the 
descending  palatine  nerve,  and  emerges  at  the  posterior 
|»alatine  foramen  on  the  back  of  the  hard  palate  to  supply 
the  palatal  mucous  membrane :  spkeno-palatine  branch  runs 
inwards  to  the  nose,  along  with  the  spheno-palatine  nerve, 
and  supplies  the  nasal  mucous  membrane;  one  branch 
runs  down  the  nasal  septum,  and  appears  on  the  roof  of 
the  mouth  at  the  anterior  palatine  foramen :  vidian  branch 
passes  backwards  by  the  side  of  the  vidian  nerve  through 
the  vidian  canal,  and  supplies  the  Eustachian  tube  and 
adjacent  part  of  the  pharynx :  pterygo^palatine  branch  runs 
backwards,  along  with  the  pterygo-palatine  nerve,  through 
tlij  pterygo-palatine  canal  to  the  roof  of  the  pharynx. 

The  branches  of  the  external  carotid  artery  may  be 
arranged  according  to  their  distribution  in  five  groups  : — 

\d.  To  thyroid  body  and  larynx :    superior  thyro 
artery. 

2d.  To  tongue :  lingual  artery. 
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6M.  Between  the  sabdanan  and  internal  carotid  of  the 
same  side :  yertebral  through  the  basilar  and  posterior 
cerebral  with  the  posterior  communicating  of  the  internal 
carotid. 

7th.  Between  branches  of  subclavians  of  opposite  sides. 
The  two  yertebrab  with  each  other  to  form  the  basilar 
artery. 

The  anastomoses  of  the  branches  of  the  external  and 
internal  carotid  with  those  of  the  subclavian  enlarge,  and 
form  secondary  channels  for  the  conveyance  of  blood  to 
the  face,  head,  and  the  upper  part  of  the  neck  when  the 
common  carotid  artery  is  obstructed  by  the  application  of 
a  ligature. 


FOURTH  GROUP — ^BRANCHES  OF  THE  AORTA  FOR  THE 
LOWER  LIMB8  AND  PELVIS. 

This  group  consists  of  the  iliac  syBtem  of  arteries,  which 
are  produced  by  the  so-called  bifurcation  of  the  abdominal 
aorta. 

Iliac  SpsUm  of  Arteries, 

This  S3r8tem  is  composed  of  the  arteries  of  supply  for 
the  pelvis  and  lower  limb,  and  consists  of  the  common 
iliac,  the  external  and  internal  iliac  arteries  and  their 
aeveral  branches. 

The  CoMMOK  Iliac  artery  springs  from  the  abdominal 
aorta,  at  its  so-called  bifurcation,  opposite  the  body  of 
the  fourth  lumbar  vertebra.  It  passes  downwards  and 
outwards  for  about  two  inches,  and  bifurcates  opposite  the 
aide  of  the  lumbo-eacrai  joint  into  the  external  and  internal 


-  .-. .^  Z--!i  :':z:z:::i  :\:i2  U-js  behind  the  pe^itc^- 
.'. .-.:  j  :!i-:  o:.-j:crl-r  w^H  of  the  abdomen,  and  is 
•  .  1  T  :i;  5Z-:.1I  :L:c-::Le.  "Each  is  crossed  bv 
:.:    - ...i  :lf  '  r.z..lrs  «.:  the   <yii:j»athetic  cord  to 

^  .r::::  -"..xu-,  :.Li  :le  le::  in    addition  Ly  the 

:..  -  _:^r-:  v---.-,li.      Ri^h  is  in  front  of  the  b» lie- 

~"-  '-    "  .:  --1'-/.  ..r  v-.rt  =  l  r.r.  lu:  the  two  common  iliic 

-:  y.:.-  .c?:i  '.  -:-v-.::U  :Le  rl^-ht  anerv  and  the  la:«t 

v,::.   r:,  vv:..l^:   :Le   1;;-::   c^Limon  iliac  vein  lies 

:>        rr.;^"    :.  l.:-.:    .:r:crv.     Xo  collateral  branches 

y.\7::.NAi  I::v;  jiri-ry  is  the  commencement  uf 
.:  .::.::.'.  ::  ::.k  :.r  :Lc  I--wor  !::i.b  :  it  is  the  lar^zcr 
v.  '  r-\  --Z-  ,:  ".  ::ur  j::.!i  o:  the  c»>nimon  ilinc.  ani 
".  .•..•.;-:  Is  .i:..i  .  u:w:;rvi>  witLin  the  eavitv  uf  xlin 
•.-.  :.s  :..r  :.s  F.  v-':.r:'j '.ijanicur.  where  it  Wcomcs 
-.'-  ;-::.7y.      I:  l:-.<  Khicd  the  i-eritoneum  cover- 

-  •  -:,:"  r  ^^..ll  ••:  the  aKl«'mcn,  and  is  uvtr- 
\y  :'..  I:.:..-:::.,?,     I:  rcsrs  on  the  fascia  covering 

r  ":  r'.r  ■  :  tV.e  v-  is  n.uscle  close  to  the  j'-.Ivic 
T'-o  vx:',ri:J,  il:...^  vciii  lies  behind  the  uj'pjr  ti.vi 
7.::.:-y.  'v.:  ■  :i  the  >.-.::. e  j»lane  and  inttriial  t^ 
i:<  1  V,  ,rt.:.h  v.  l.vre  i:  rc-o-.ivLS  the  deep  circumilcx  iliic 
vei'...  v.i.:  h  (.:•,->-.<  in  fr  r.t  I'f  the  arterv.  The  iTtuit-:- 
I'.'i::..!  nerve  i<  vi:  f.r-r  txtLnial  and  then  anteri  r  to:: 
Iv:::- ':  .:io  «l;!:.ls  a:..l  vj->vl>  rr.n  rl  se  to  its  aMcri.-r 
ai.d  ir.r.tT  r.-i-rcts.  I:>  .•!.'.%•  biMLclies  are  distributed  to  thr 
iiui-^.les  L'l  the  ab.i":iiiu;d  \\\x'A,  and  are  a&  follows  : — 

'./.  J'"!'  7:'. '"/ />'/•'>  arterv  arises  iust  ab<jve  P«»uT»art'5 
li_:ainent  and  a•^ceud^.  iinTiiediatelv  to  the  inner  side  of  ih: 
intern  \\  ur  deep  abdominal  rim:,  teethe  anterior  wall  of  iL^ 
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abdomen  between  the  fascia  transversalis  and  the  peri- 
toneum ;  it  then  enten  the  sheath  of  the  rectus  abdominis, 
and,  continuing  to  ascend,  supplies  that  muscle  and  inos- 
culates with  the  superior  epigastric  branch  of  the  internal 
mammarj  artery.  As  it  lies  to  the  inner  side  of  the 
internal  or  deep  abdominal  ring,  the  vas  deferens,  which 
passes  through  the  ring  in  its  course  to  the  pelvis,  turns 
behind  the  artery.  It  gives  off  transverse  branches^  which 
pass  outwards  to  inosculate  with  the  lower  aorti<x  inter- 
costal,  lumbar,  and  deep  circumflex  iliac  arteries :  a  cre- 
masteric branch  to  the  coverings  of  the  spermatic  cord ; 
a  pubic  branch  runs  inwards  to  the  back  of  the  pubes, 
inosculates  with  the  obturator  artery,  and  sometimes  en- 
larges so  as  to  form  the  origin  of  the  obturator  artery. 

6.  Deep  Circumflex  Iliac  artery  arises  from  the  external 
iliac  dose  to  Poupart's  ligament :  it  runs  outwards  behind 
that  ligament  to  the  iliac  crest,  supplies  the  muscles 
attached  to  the  crest,  also  the  iliacus,  and  inosculates  with 
the  lumbar,  ilio-lumbar,  and  deep  epigastric  arteries. 

The  Femorax  artery  is  the  direct  continuation  of  the 
external  iliac :  it  commences  at  Poupart's  Ugament,  runs 
down  the  anterior  and  inner  aspects  of  the  thigh,  as  far  as 
the  opening  in  the  tendon  of  the  adductor  magnus  muscle, 
"where  it  becomes  the  popliteal  artery.  In  this  course  the 
artery  passes  at  first  through  the  triangular  space  of  Scarpa, 
from  the  middle  of  its  base  to  its  apex,  and  is  covered  by 
the  skin,  superficial  fascia,  and  fascia  lata,  but  at  the  base 
€>t  the  triangle  it  has  an  additional  investment  from 
tlie  femoral  sheath.  Near  the  apex  of  Scarpa's  triangle 
tlie  artery  goes  under  cover  of  the  sartorius  muscle,  behind 
nrhich  it  descends  to  its  termination.    For  about  three 

2h 
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inches  above  the  opening  in  the  tendon  of  the  adductor 
magnufl  it  lies  in  Hunter's  canal — a  canal  bounded  exter- 
nally by  the  tendon  of  the  yastos  intemus,  posteriorly 
by  the  tendons  of  the  adductor  longus  and  magnus,  and 
anteriorly  by  a  fibrous  prolongation  from  the  tendon  of  the 
vastus  to  those  of  the  two  adductors.    When  in  this  canal 
the  artery  is  in  close  relation  to  the  inner  surface  of  the 
middle  third  of  the  femur.     Close  to  the  apex  of  Scarpa's 
triangle  it  is  in  relation  to  the  inner  border  of  the  sartorius 
muscle,  which  forms  a  definite  guide  to  the  position  of  the 
artery.    Behind  the  arteiy  is  the  psoas  muscle,  by  which 
it  is  separated  from  the  capsule  of  the  hip  joint  and  the 
head  of  the  thigh  bone ;  lower  down  the  artery  is  ia  front 
of  the  pectineus,  but  separated  from  it  by  the  deep  femoral 
vessels,  and  still  lower  the  artery  has  the  tendons  of  the 
adductor  longus  and  magnus  posterior  to  it     The  femoral 
vein  is  at  first  on  the  same  plane  and  internal  to  the  artery, 
and  is  enclosed  along  with  it  and  the  femoral  lymphatics 
in  the  femoral  sheath ;  about  the  apex  of  Scarpa's  triangle 
the  vein  sinks  behind  the  artery,  and  remains  posterior  to 
it  as  far  as  the  popliteal  space.    The  long  saphenous  vein 
is  superficial,  and  to  the  inner  side  of  the  artery,  and 
separated  from  it  by  the  fascia  lata.    The  anterior  crural 
nerve  is  to  the  outer  side  of  the  artery  near  the  base  of 
Scarpa's  triangle ;   of  its  several   branches  the  internal 
cutaneous  nerve  crosses  the  artery  near  the  apex  of  the 
t  riangle :  the  internal  saphenous  accompanies  the  artery  into 
Hunter's  canal,  but  when  the  artery  leaves  the  canal  to  enter 
the  popliteal  space,  the  nerve  perforates  its  fibrous  wall,  and 
becomes  cutaneous  near  the  inner  side  of  the  knee  joint 
The  branches  of  the  femoral  artery  are  as  follows : — 
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As  the  artery  lies  in  the  femoral  sheath,  it  giTtf  <nr>^ 
to  three  saperficial  brandies,  which  piotse  the  &m»  )^ 
and  end  in  the  skin,  superficial  fascia,  and  lymphatic  glix^ 
of  the  groin. 

a.  Superficial  Circumflex  Iliae^  which  runs  <nt«ii^  « 
the  anterior  superior  iliac  spine. 

6.  Superficial  Epigadric^  which  ascends  in  front  of  F^ 
part's  ligament  to  the  wall  of  the  abdomen. 

c  Superficial  Pudic  usually  consists  of  two  bnixk»^ 
superior  and  an  inferior,  which  run  inwards  and  ead  ^ 
the  skin  of  the  external  organs  of  generation. 

<L  MuKular  branches  small  in  size,  which  ran  ontw^^ 
into  the  muscles  of  the  thigh. 

e.  Anastomotic  arises  near  the  lower  end  of  Eob^' 
canal ;  it  divides  into  three  branches :  a  cutaneomt,  viuef 
runs  along  with  the  long  saphenous  nerve  bdiiod  ^ 
sartorius  to  the  inner  side  of  the  knee  :  a  museular^'*\^ 
passes  into  the  substance  of  the  vastus  interans,  a»i  • 
distributed  as  low  down  as  the  knee :  an  articular,  vbu 
descends  directly  to  the  knee  on  the  tendon  of  tbe  ^^ 
ductor  magnus  inserted  into  the  internal  femoral  coodyls 

The  largest  and  most  important  Ixanch  of  the  feohv^  ' 
/.  The  Profunda,  or  Deep  Femoral  artery,  which  axis*  ^ 
Scarpa's  triangle  from  the  posterior  and  outer  part  of  t: 
femoral  from  one  and  a  half  to  two  inches  below  Poopi^'' 
ligament.  It  descends  behind  the  femoral  artery  and  tkr 
tendon  of  the  adductor  longus,  and  pierces  the  sabstts^ 
of  the  adductor  magnus  muscle.  It  has  the  ili*^^ 
pectineus,  adductor  brevis  and  adductor  magnus  mit<f 
behind  it,  and  the  femoral  and  profunda  veins  lie  betve^ 
and    the   femoral   artery.     From  it  arise  the  foUov.. 
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bnoches :    external   circumflex,  which    passes  outwards 
behind  the  rectos  and  sartorius  and  between  the  branches  of 
the  anterior  cmral  nerve  to  divide  into  ascending,  transverse 
and  descending  branches ;  the  cucending  passed  under  the 
tensor  fascise  f emoris  to  anastomose  with  the  glut^  artery ; 
the  tra9U9er$e  enters  the  substance  of  the  vastus  eztemus, 
and  the  deacendinff  passes  downwards  and  outwards  on  and 
io  the  vastus  extemus,  partly  to  supply  that  muscle,  and 
partly  to  reach  the  outer  side  of  the  knee.    Sometimes  the 
external  circumflex  arises  directly  from  the  femoral,  and 
sometimes  its  ascending,  or  its  ascending  and  transverse 
branches  arise  from  the  femoral,  whilst  the  descending 
branch  springs  as  an  independent  branch  from  the  profunda. 
The  iniemal  circumflex  arises  from  the  inner  side  of  the 
profunda  opposite  the  origin  of  the  external  circumflex  :  it 
nms  backwarda  first  between  the  psoas  and  pectineus, 
then  between  the  adductor  brevia  and  obturator  extemus, 
then  betweoi  the  adductor  magnus  and  quadratua  f  emoris 
to  reach  the  back  of  the  thigh ;  it  supplies  .the  muscles 
between  which  it  passes,  also  the  hip  joint    The  peffarat- 
ing  branches,  usually  three  in  number,  and  named,  from 
above  downwards,  firtt,  9ec(mdf  and  third  peTfcroHngy  pass 
to  the  back  of  the  thigh  to  supply  the  hamstrings ;  the 
first  and  second  pierce  the  short  and  great  adductors.    The 
aecond  perforating  gives  origin  to  the  small  nutrient  artoiy 
which  enters  the  nutrient  canal  in  the  femur  to  supply 
the  medulla  of  the  bone.     The  terminal  part  of  the  pro- 
funda, sometimes  called  the  fimrth  perforating  artery,  not 
only  supplies  the  adductor  magnus,  but  gives  branches  to 
the  abort  head  of  the  biceps. 

The  branches  which  arise  either  directly  or  indirectly 
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:.:,  II. -i  >kin  of  groin  :  superficial  pudic. 
:i.f.;X  :"-::.orirteries. 
'^/:.^.  .:..*r  tranches,  profunda  artery. 

..:  :    txtvH..^    aiiJ   internal   circumflex 


1.  ki-C;      ::  :  :  ..i...-:.  mv tic  and  descending  branch 

T:..  :  r. :';.:.  ;:.  ..::l  :y  v*  .:L  its  I  r:-mches  is  the  great  muscu- 
i  .r  .-.rtiry  . :  ::.t  :'..,.>..  C'.vV.s:..::fJlyin  theupI>erlimbana^- 
^..:  ^-  :-..i :.:  >::.::l..r  :•  :Lt  :  r^  :;::.di  in  the  thigh  occurs,  whtu 
:Lt  ^:r. :.::.:: tx,  *v.'  -.  .:  ;:..;r.  M:;H:rior  and  inferior  profunda 
..::i  ri;  >  r.r;<t  I  y  r.  ^   i:.::..  r.  truiik  from  the  axillary  artery 

I'y  >,:..:  r.-. >.r/.  :.vt  %\ri:trs  thejiart  of  the  femoral  pr it- r 
:.'  iht  v:\.::  ^:  :".  c  ir^ruhia  is  called  cummon  femoral  ; 
Mi::,h  iv  t:.^::  >,.:,!  :.  u:\  iue  into  a  Miperdcial  femoral  ai.d 
a  Ovt:»  l\v.-.  n/  ..rttry.  tLe  detp  fcmonil  Wing  looked  upi  li 
ti:i:\:\  u-  ..>  .\  :i:::.inal  Ir^LcL  of  bifurcation,  and  not  as  a 

■f  -  y  1     '  » 

TL-  l\'i  LiTVAL  ari'.rv  is  :Le  direct  continuation  of  the 
icL.i  :\C:  artevv  ;  it  oiii.i:-e:.cts  at  the  oi'tninc  in  the  avl- 
tiiiLtor  n..:5iius,  ia>>t.>  tiiun  the  popliteal  space,  or  ham, 
I.S  far  as  it>  i].:t.ri<.r  ai.u'.f.  and  reaches  the  lower  K'nltr 
of  tbt  p<  pliiti;.-  n;iiM.lf.  wLtre  it  divides  into  two  tn:- 
iiiiiial  brant hf<.  tLo  aiittri-r  ai.d  pcvsterior  tibial  arteri---. 
It  lic<  iujhfdiatfiv  bel.iLd  the  back  of  the  lower  end  of  tic 
ieniUr,  the  posterior  liiiamtnt  of  the  knee  joint,  and  tie 
pupliteus  niiL^cle.  m>  that  it  L?  in  close  relation  to  the  iB.  •  r 
of  the  popliteal  space,  and  is  separated  from  the  surface  •  : 


POPLITEAL  ARTERY.  479 

the  back  of  the  limb  by  a  oonsiderable  intenraL  To  lU 
oater  side  in  the  upper  half  of  the  space  is  the  biceps,  and 
in  the  lower  half  the  outer  head  of  the  gastrocnemius  and 
the  plantaris.  It  enters  the  space  by  passing  in  front  of 
the  semi-membranosuSy  and  then  has  that  muscle  with  the 
semi-tendinosus  to  its  inner  side  in  the  upper  half  of  the 
•pace,  and  the  inner  head  of  the  gastronemius  in  its  lower 
half :  as  the  two  heads  of  the  gastrocnemius  approach  each 
other  at  the  lower  angle  of  the  space  they  overlap  the 
artery.  The  popliteal  vein  lies  immediately  posterior  to 
the  artery,  at  its  upper  part  being  a  little  to  its  outer  side, 
at  its  lower  part  a  little  to  its  inner  side.  The  internal 
popliteal  nerve  is  also  posterior  to  the  artery,  but  nearer  to 
the  surface  of  the  region ;  like  the  vein  it  is  at  first  some- 
what external,  but  in  the  lower  part  of  the  region  it  lies  to 
the  inner  side  of  the  artery. 

The  branches  of  the  popliteal  artery  are  distributed  to 
the  knee  joint,  to  the  muscles  around  it,  and  to  the  skin 
of  the  popliteal  space. 

a.  Superior  Mutadar  pass  to  the  lower  end  of  the  ham- 
string muscles. 

6.  InferioT  Muscular  or  Sural^  to  the  heads  of  the 
gastrocnemius  and  to  the  plantaris. 

c  Superior  Internal  Articular  turns  round  the  femur 
above  the  inner  condyle,  and  under  cover  of  the  adductor 
magnus  tendon  and  the  inner  hamstrings,  to  reach  the 
inner  side  of  the  knee. 

<L  Superior  External  Articular  tuins  round  the  femur 
immediately  above  the  outer  condyle,  and  under  cover  of 
the  biceps  to  reach  the  outer  side  of  the  knee. 

e.  Inferior  Internal  Articular  runs  inwards  below  the 
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inttrnal  tuberosity  of  the  tibia  and  under  cover  of  the 
iiiternrl  lateral  ligament  to  the  inner  side  of  the  knee. 

/.  Inferior  Extenml  Articular  runs  ontwards  under  the 
ouler  head  of  the  gastrocnemius  and  the  external  lateral 
ligament,  and  above  the  head  of  the  fibula  to  the  outtr 
side  of  the  knee. 

q.  Azyffos  Artie nlar  pierces  the  posterior  ligament  of  the 
knee,  and  is  distributed  to  the  crucial  ligaments  and 
synovial  membrane. 

k.  Cutaiuoi/s  branch  or  branches  arise  either  from  the 
l)opliteal  or  from  its  muscular  arteries  to  supply  the  skin 
of  the  popliteal  space  and  calf  of  the  leg. 

The  ANTFiiiioR  Tibial  artery  is  the  smaUer  of  the  two 
terminal   branches   of   the   popliteal.     It   passes   at    first 
tliiectly   forwards   between   the    tibia    and    fibula,    then 
de^scends  on  the  front  of  the  leg  as  far  as  the  front  of  the 
ankle,  where  it  becomes  the  dorsal  artery  of  the  foot.     As 
it  passes  forwards  it  lies  above  the  upper  end  of  the  tibialis 
l>osticus  and  the  interosseous  membrane.     On  the  front  of 
the  leg  it  rests  on  the  front  of  the  interosseous  membrane 
for  about  its  ui>j)er  two-thirds,  but  for  the  rest  of  its  course 
on  the  front  of  tlie  tibia.     In  the  up2>er  i)art  of  the  leg  it  is 
deeply   placed    between    the   muscles,   with   the   tibialis 
anticus   on    its   inner  side,    and  the  extensor  conlIXluni^ 
digitoruni  and  extensor  longus  hallucis  on  its  outer   sidt. 
Above  the  ankle,  where  it  rests  on  the  tibia,  it  is  covert 
by  the  anterior  annular  ligament  of  the  fascia  of  the  leg, 
and   is    crossed   by  the   tendon  of   the   extensor    lonciii 
hallucis.     It  is  accompanied  by  the  two  venae  comites,  anii 
the  anterior  tibial  nerve  lies  in  close  relation   to  it.      Iti 
branches  are  as  follows  : —  ^ 
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a.  Mtueular  to  the  moscles  of  the  front  of  the  leg.        ! 

6.  Eecurreni  Tibial  Articular  ariBes  as  soon  as  the 
anterior  tibial  has  passed  to  the  front  of  the  leg,  and 
ascends  in  the  substance  of  the  tibialis  anticus  to  the  knee. 

e.  External  Malleolar  mns  outwards  to  the  region  of 
the  external  malleolos,  behind  the  long  extensor  of  the  toes. 

d.  Internal  Malleolar  mns  inwards  to  the  r^on  of  the 
internal  malleolus  behind  the  tibialis  anticus.  The 
malleolar  arteries  supply  the  ankle  joint. 

The  DoBSAL  Abteby  of  the  Foot  is  a  direct  continua- 
tion of  the  anterior  tibial  artery ;  it  runs  forwards  from 
the  front  of  the  ankle  to  the  first  metatarsal  space,  where 
it  enters  the  sole  of  the  foot  to  join  the  external  plantar 
artery  and  assist  in  the  formation  of  the  plantar  arch.  It 
rests  on  the  inner  row  of  tarsal  bones  and  lies  between  the 
extensor  longus  halluds  and  the  extensor  communis  digi- 
tonun ;  it  is  crossed  by  the  innermost  tendon  of  the  ex- 
tensor breris  digitorum,  and  is  covered  by  the  skin  and  fascia 
<^  the  dorsum  of  the  foot.  It  is  accompanied  by  two  venae 
oomites,  and  the  anterior  tibial  nerve  is  immediately  to  its 
outer  side.     Its  branches  are  as  follows : — 

a.  Tarsal  branch  runs  outwards  under  cover  of  the  ex- 
tensor brevis  digitorum  to  supply  it  and  the  tarsal  joints. 

6.  Metatariol  branch  arises  in  front  of  the  tarsal,  and 
poBseo  outwards  under  cover  of  the  extensor  brevis.  It 
sopplies  the  tarso-metatarsal  jointe,  and  gives  off  interoi- 
eeous  branches  to  the  three  outer  interosseous  spaces  to 
supply  the  dorsal  interoesei  muscles,  which  branches  are 
prolonged  on  the  dorsum  of  the  toes. 

e.  Marginal  branches  to  the  skin  of  the  inner  border  of 
the  foot 


e.  find  J 

f.  SMxmJ  J^v*^*"^* 
difiifiiV  into  tin%  anf^ifi"  >^ ' 
aadaecaad  toea. 

tosuiMl  hauduB  ot  the  p^ 

eaoBK  o(  that  attajr  dawn  ^^ 

the  imter  aakle.  when  it  '''■^  ' 

bnncbeo,  the  intemal  Mad  extami 

the  apper  two-tbirds  of  to  tOUH* 

the  linjb  attder  carer  of  tie  gMt  ■• 

in  tbe  lon-er  third  it  Iim  totheiuir* 

A'Mlif,  and  is  covend  fcf  tin  <*•"* 

diatelf  prior  to  its  tenuiattioii.  iu"*"* 

eorer  of  tbe  origin  of  the  tbdactoi  i*^"* 

above downwarda  on  the  tibialii poi^^ 

toflun,  tbe  tibia,  aad  ankle  joint;  it  '*'■• 

the  tendons  of  the  tibialw  poftieiu  od*^ 

lonuD  bet  n-eou  it  and  tbe  innormalfc"*** 

of  tie  Bexor  iongta  btllacia  to  its  outtf  t  *• 

It  i*  aceomjmttied  by  Isto  rww  Mifflilix   I* 

HIibI  Derfe  u  at  Bm  to  its  injier  iOt,  o^" 

yiilid  W  descend   ua  tia  onto/  aide  U  t*"*^ 

[iBiiiiK  aw  M  Co/Jni 


1  :bnal  plantab  abtery.      483 

:arge  branch,  which  descends  under  cover 
:|.  flexor  longos  hallucis,  and  in  close  rela- 
te as  far  as  the  lower  end  of  the  leg  when 
;3  outer  ankle,  where  it   terminates.     It 
.J  %T  branches  to  the  muscles  of  the  back 
,    of  the  leg:  a  nvlriad  branch   to   the 
^  rtbr  peroneal  or  perforating  branch  pierces 
._s  membrane,  and  descends  to  the  outer  side 
t.  of   the  ankle:    a  communicating    branch 
ely  behind  the  lower  end  of  the  tibia,  and 
erior  tibial  artery.     It  is  not  uncommon  to 
neal  artery  much  larger  than    the  posterior 
W  the  origin  of  the  peroneal,  in  which  case  the 
'Ing  branch  is  also  enlarged,  and  through  it  the 
"  "into  the  lower  end  of  the  tibial  and  the  plantar 

'^'"'PRKSAL  Plantab  artery  is  the  smaller  of  the 

^'^'lal  branches  of  the  posterior  tibial  artery.     It 

'  ^'^^^ards  close  to  the  inner  border  of  the  sole  of  the 

-  *^^!r  as  the  root  of  the  great  toe,  and  is  accompanied 

'^'htemal  plantar  nerve ;  it  is  covered  by  the  abduc- 

-'^^^icis  muscle.     It  supplies  marginal  branches  to  the 

■'  '^\he  inner  border  of  the  foot,  and  miuctdar  branches 

-'-'^'^bductor  hallucis  and  flexor  brevis  digitonmu 

si^'  ExTEBNAL  PULKTAB  artery,  the  larger  of  the  two  ter- 

-'.'^^  branches  of  the  posterior  tibial,  inclines  forwards 

.  5 '^'^atwards  from  the  inner  ankle  as  far  as  the  base  of  the 

.:<:^<^'1netacarpal  bone,  and  is  accompanied  by  the  external 

f    tar  nerve ;  it  then  runs  inwards  and  forwards  through 

^^  deepest  part  of  the  sole  as  far  as  the  first  metatarsal 

r.^^  ^  it  joins  the  dorsal  artery  of  the  foot,  and  forms 
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d.  Dofjolis  HaUueis  arises  as  the  arteiy  dips  into  tl< 
first  metatarsal  space,  and  rons  along  the  donal  flu^ 
of  the  great  toe. 

&  First  Digital  branch  arises  in  the  sole  and  nss  aU: 
the  inner  border  of  the  plantar  aurfaoe  of  the  great  ti)& 

/.  Second  Digital  branch  also  arises  in  the  ttlCiKJ 
dividing  into  two,  supplies  the  adjacent  sides  of  ihe  gic^ 
and  second  toes. 

The  Posterior  Tibial  artery  is  the  larger  of  thfiti. 
terminal  branches  of  the  popliteal,   and  ooDtiDoa  tt- 
coarse  of  that  artery  down  the  back  of  the  leg  *>  ^  ^* 
the  inner  ankle,  where  it  divides  into  its  two  teioa^ 
branches,  the  internal  and  external  plantar  aitenes. 
the  upper  two-thirds  of  its  course,  it  is  placed  deepQ* 
the  limb  under  cover  of  the  great  muscles  of  the  calt  ^' 
in  the  lower  third  it  lies  to  the  inner  aide  of  tbe  toi^ 
Achillis,  and  is  covered  by  the  skin  and  fascia;  ^^^ 
diately  prior  to  its  termination,  however,  it  paaaes  a**^ 
cover  of  the  origin  of  the  abductor  hallucia.    It  rests  u^ 
above  downwards  on  the  tibialis  posticus,  flexor  loogo^^ 
torum,  the  tibia,  and  ankle  joint ;  at  the  inner  ankle  it  ^ 
the  tendons  of  the  tibialis  posticus  and  flexor  loagoi^' 
torum  between  it  and  the  inner  malleolus,  and  the  ttf^ 
of  the  flexor  longus  hallucis  to  its  outer  or  calcaneal  ^-^ 
It  is  accompanied  by  two  venae  comites.     The  pe^'- 
tibial  nerve  is  at  first  to  its  inner  side,  and  then  cfo^^^ 
behind  to  descend  on  the  outer  side  of  the  atteij-  *'' 
branches  are  as  follows  : — 

a.  Muscular  branches  to  muscles  of  back  of  leg. 

b.  Nutrient  branch  to  shaft  of  tibia. 
c  Calcaneal  branch  to  skin  of  heeL 
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(L  Peron/ealf  a  large  branch,  which  descends  under  cover 
of  the  solens  and  flexor  longus  hallucis,  and  in  dose  relsr 
tion  to  the  fibula  as  far  as  the  lower  end  of  the  leg  when 
it  passes  to  the  outer  ankle,  where  it  terminates.    It 
supplies  muKular  branches  to  the  muscles  of  the  back 
and  outer  side  of  the  leg:  a  nutrient  branch  to  the 
fibula :  an  antenor  peroneal  or  perfcrcUing  branch  pierces 
the  interosseous  membrane,  and  descends  to  the  outer  side 
of    the  front    of  the  ankle:    a  communuxUing   branch 
mils  transversely  behind  the  lower  end  of  the  tibia,  and 
joins  the  posterior  tibial  artery.    It  is  not  uncommon  to 
find  the  peroneal  artery  much  larger  than    the  posterior 
tibial  is  below  the  origin  of  the  peroneal,  in  which  case  the 
communicating  branch  is  also  enlarged,  and  through  it  the 
blood  flows  into  the  lower  end  of  the  tibial  and  the  plantar 


The  Intbsnal  Plantab  artery  is  the  smaller  of  the 
two  terminal  branches  of  the  posterior  tibial  artery.  It 
paBaea  forwards  close  to  the  inner  border  of  the  sole  of  the 
foot  as  far  as  the  root  of  the  great  toe,  and  is  accompanied 
by  the  internal  plantar  nerve ;  it  is  covered  by  the  abduc- 
tor hallucis  muscle.  It  supplies  marginal  branches  to  the 
skin  of  the  inner  border  of  the  foot,  and  muscular  branches 
ta  the  abductor  hallucis  and  flexor  brevis  digitorum. 

The  External  Pulntab  artery,  the  larger  of  the  two  ter- 
minal branches  of  the  posterior  tibial,  inclines  forwards 
a.o<l  outwards  from  the  inner  ankle  as  far  as  the  base  of  the 
fi  f th  metacarpal  bone,  and  is  accompanied  by  the  external 
l>lantar  nerve ;  it  then  runs  inwards  and  forwards  through 
ebie  deepest  part  of  the  sole  as  far  as  the  first  metatarsal 
where  it  joins  the  dorsal  artery  of  the  foot,  and  forms 
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the  FLANTAE  ARTERIAL  AitCH.  TLe  arteFj  is  at  firal  covered 
hy  the  skill,  plantar  fascia,  and  abductor  hallucis,  and  n»t$ 
oil  the  OS  cali'iH,  it  thcu  passes  betweea  the  flexor  bretis  di^i- 
toruiii  and  iim^culus  accessorius,  and  when  it  runs  furwariU 


uiA  inuiinis  in  tlie  (lopji  part  of  the  sole,  it  is  covered  by  tir 
iuxor  ttiidiiTis,  the  luiubriciileH  and  the  adductor  hallufi--- 
ind  it  [c^lj  (III  the  metatarsal  bones  and   the  interocfci 
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mnBcleB.  It  supplies  a  eutaneaus  branch  to  the  akin  of  the 
hed :  mtucular  branches  to  the  mnsdes  of  the  sole :  vMrginal 
branches  to  the  skin  of  the  outer  border  of  the  foot  From 
the  plantar  arch  arise  three  iXMferior  perforaiing  branches, 
which  pass  between  the  heads  of  the  dorsal  interossei  muscles 
and  inosculate  with  the  interosseous  branches  of  the  meta- 
tarsal artery:  four  digitcU  branches,  of  which  the  fird 
supplies  the  outer  side  of  the  little  toe ;  whilst  the  ieeondy 
thirds  and  fourth  divide  at  the  clefts  between  the  toes, 
and  supply  the  contiguous  borders  of  the  fifth  and  fourth, 
fourth  and  third,  third  and  second  toes ;  from  the  digital 
arteries  anterior  pefforcUing  branches  pass  at  the  clefts 
between  the  toes  to  the  dorsum  of  the  foot,  to  inosculate 
with  the  branches  of  the  metatarsal  artery  prolonged  on  to 
the  dorsum  of  the  toes. 

The  Internal  Iliac  artery,  the  i  smaller  of  the  two 
terminal  branches  of  the  common  iliac,  commences  at  the 
lumbo-sacral  joint,  sinks  into  the  cavity  of  the  pelvis,  and 
after  a  course  of  about  one  inch  and  a  half,  divides  oppo- 
site the  great  sacro-sciatic  foramen  into  several  branches. 
It  lies  behind  the  peritoneum,  and  is  crossed  by  the 
ureter.  It  is  in  front  of  the  psoas,  the  upper  origin  of  the 
pyriformis,  the  internal  iliac  vein  and  the  lumbo-sacral 
nerve,  and  at  its  termination  is  situated  in  the  loose  areolar 
iissue  which  separates  the  peritoneum  from  the  pelvic  fascia. 

In  the  foetus  the  internal  iliac  artery  is  a  more  impor- 
tant vessel  than  it  is  after  the  birth  of  the  child,  for  by 
it  the  impure  blood  of  the  foetus  is  conveyed  to  the  pla- 
centa. Accordingly  it  does  not  end  in  the  pelvis,  but  runs 
along  the  side  of  the  upper  part  of  the  bladder,  and  the 
back  of  the  anterior  wall  of  the  abdomen  as  far  as  the 


.U-ATOWY. 

^nirr  :!.=  Eiiii;  ■.■!  the  hyfjj-inri/:  aOery,  A; 
^  i:  T'j-viti  i.>ui  of  the  abdomen,  forms  une  oi 
i;:;:^  L.:  thi  unioUi.-il  cyrd,  and  u  called  tlir 
rtrri-.  WL-i:  Vj.t  child  is  Wm  the  funeti..n  ui 
-.-:.-!.■  ir::-:y  tci,-;;,  and  it  shriveU  up  into  - 


I'.iiriiii  ci'rd.  v,-Li.!i  iu.:y  be  jccn  in  the  adult  on  the  side 
..f  ibe  l.UJ.ler  and  on  the  wall  of  the  abdomen. 

It  is  cu>ti'uuiry  tu  spe.ik  uf  the  internal  iliac  arteiy  i- 
trrndjiatiiig  in  the  adult  in  twv  divisions,  from  each  w 
which  iMriicular  brjnchea  arise,  but  as  these  branches  an 
variable  iu  thi'ir  i-ri-'in,  it  U  bttter  to  arrange  thiiu 
acoordinj  to  thi.-irdi>triliUtion  itito  five  graupsof  branches. 
lit,  til  visoera  of  pelvis  ;  sui-erior  and  inferior  vesical 
and  middle  b%morrhoi<lal.  2d,  to  walb  of  pelvis  :  lateral 
sacral,  ilio-lumbar.  3  J,  to  external  oi^us  of  generation  :  tn- 
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temal  pttdic.  4th,  to  muscles  of  battock :  gluteal  and  sciatic. 
5th,  to  hip-joint  and  external  obturator  muscle  :  obturator 

a.  Superior  Vesical  artery  arises  from  the  beginning  of 
the  hypogastric  portion  of  the  internal  iliac  artery,  which 
has  not  altogether  become  obliterated ;  it  passes  to  the  upper 
part  of  the  bladder,  which  it  supplies ;  it  gives  a  branch  to 
the  vas  deferens. 

6.  If^erioT  Vesical  artery  runs  to  the  lower  part  of  the 
bladder,  supplies  it  and  the  vestculA  seminales ;  one  branch, 
also  passes  to  the  aide  of  the  prostate  gland.  From  its 
distribution  to  the  prostate,  this  branch  is  sometimes  called 
the  vesico-prostatic  arteiy. 

e.  Middle  ffannorrhoidal  arteiy  supplies  a  portion  of  the 
rectum  in  relation  to  the  base  of  the  bladder.  It  is  often 
a  branch  of  the  inferior  vesical  artery. 

In  the  female,  from  the  absence  of  the  vesicuhe  semi- 
nales and  prostate,  the  corresponding  branches  are  absent ; 
but  in  their  stead  are  two  arteries  not  present  in  the  male, 
viz.,  a  Uterine  branch,  which  reaches  the  neck  of  the 
uterus,  and  ascends  between  the  two  layers  of  the  broad 
ligament,  to  supply  the  uterus;  also,  a  Vaginal  branch,  which 
is  distributed  to  the  walls  of  the  vagina,  the  bladder,  and 
rectum. 

d.  Lateral  Sacral  artery  usually  consists  of  two  branches 
which  pass  to  the  front  of  the  sacrum, 'supply  the  pyri- 
f  ormiB  muscle,  and  send  twigs  into  the  sacral  canal  through 
the  anterior  sacral  foramina. 

e.  Huhlumbar  arteiy  passes  outwards  behind  the  psoas 
into  the  iliac  fossa,  where  it  divides  into  a  lumbar  branch, 
which  ascends  to  supply  the  muscles  of  the  loins,  and  an 
iliae  branch,  which  supplies  the  iliacus  and  gives  a  nutrien 
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bnnch  to  the  fliiim  throngli  the  nutrient  foramen  m  '^ 
yentral  snifaoe* 
/.  InUnud  or  Z>0ep /Wftt;  aiteiy  pierces  the  pelvic  &«& 

pesaes  oat  of  the  pelvis  throvgh  the  great  sacfoMCc 
foramen,  and  sppeera  in  the  buttock  below  the  pyiif cnsi^ 
mnsde,  where  it  lies  on  the  spine  of  the  ischiuiiL  It  tka 
goes  through  the  small  sacro^ciatic  foramen,  ntoa  fomid* 
along  the  outer  wall  of  the  iachio-rectal  f oaaa,  in  cki^ 
relation  to  the  inner  surface  of  the  obturator  inteni:* 
muscle,  and  ensheathed  by  the  obturator  or  parietal  U^  ' 
the  pelvic  haoA ;  it  continues  its  coarse  forwards  bekb: 
the  triangular  Ugament  of  the  urethra,  and  in  doae  rditv 
to  the  side  of  the  pubic  arch,  then  pierces  the  trianpl^' 
ligament,  and  terminates  bj  dividing  into  the  das- 
artery  of  the  penis  and  the  artery  for  the  corpus  csTer>' 
sum.  It  is  accompanied  by  the  deep  pudic  vein,  and  ^ 
pudic  nerve.  Its  branches^are  as  follows  :  inferior  ha^'*^ 
hoidal  arises  in  the  outer  wall  of  the  iachio-rectal  io»> 
passes  through  the  fat  in  that  fossa^  and  is  distribotdi*' 
the  lower  end  of  the  rectum,  the  sphincter  ani,  and  t^ 
skin  around  the  anus :  iuperfidal  perineai  arises  in  *^ 
outer  wall  of  the  ischio-rectal  fossa,  and  mns  for«vd»- 
supply  the  fascia  and  skin  of  the  scrotum  :  trantwerffi^ 
nealf  a  small  branch  to  the  structures  between  the  tf  «>' 
and  the  bulb  of  the  urethra :  artery  rf  the  bulb^  a  abort  U 
important  artery  which  arises  behind  the  triangalar  ^ 
ment  of  the  urethra,  passes  transversely  at  obliqc.' 
inwards,  then  pierces  the  ligament  to  enter  the  back  u  t^ 
bulb ;  sometimes  the  artery  of  the  bulb  arises  nearer  u 
ischio-rectal  fossa,  and  runs  very  obliquely  fonrard^  • 
order  to  reach  the  bulb;  were  the  lateral  <^KraDa 
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lithotomy  to  be  perfonned  la  sack  a  case  the  artery 
would  in  aU  probability  be  cut  through :  artery  of  the 
oorpua  cavemosum  enters  the  cms  penis,  and  is  distributed 
in  the  erectile  structure  of  the  corpus  cayemoenm  penis : 
dormd  artery  of  the  penis  pierces  the  suspensory  liga- 
ment of  the  penis,  runs  forward  in  the  subcutaneous 
fascia  on  the  dorsum  of  the  organ,  sends  branches  into 
the  corpus  cayemoeum,  and  ends  in  the  glans  penis  and 
prepuce. 

In  the  female  the  internal  pudic  artery  b  much  smaller 
than  in  the  male,  owing  to  the  small  size  of  the  clitoris  as 
compared  with  the  penis.  It  gives  off  a  similar  set  of 
branches,  but  the  superficial  perineal  is  distributed  to  the 
labium,  the  artery  to  the  bulb  supplies  the  bulbus  yestibnli, 
and  the  terminal  branches  supply,  the  one  the  cms  and 
corpus  cayemoBum  of  the  clitoris,  the  other  the  dorsum 
and  glans  of  the  clitoris. 

ff.  Gluteal  artery,  the  largest  branch  of  the  internal 

iliac,  pierces  the  pelyic  fascia,  and  passes  out  of  the  pelyis 

through  the  great  sacro-sciatic  foramen  in  close  relation  to 

ita  upper  or  iliac  boundary,  and  appears  in  the  buttock 

immediately  above  the  pyrif ormis  muscle,  where  it  divides 

into   a  superficial  and  a  deep  branch.     The  superficial 

branch  rans  between  the  gluteus  medius  and  maximus,  and 

enters  the  maximus  to  supply  the  upper  portion  of  that 

maade.     The  deep  branch  divides  into   two  parts,  one 

curves  outwards  along  the  border  of  attachment  of  the 

the  gluteus  minimus  to  the  superior  curved  line,  the  other 

rona  straight  between  the  gluteus  medius  and  minimus 

muscles,  along  with  the  superior  gluteal  nerve ;  both  divi 

aiona  of  the  deep  branch  reach  the  tensor  fascise  femoris 

2  I 
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i::'.:</.c,    .\' i    ^'-:  ?-7    i*    ^'-^'^    ^^^    gluteus    mediiis    and 

^.  O'"  !  "  •  arcry '^"'.rvvs  the  pelvic  fascia,  and  passe^^ 
or.*  vf  :':.o  •-:'%:>  :hr\i'.;:h  the  iireat  sacro-sciatic  furamen, 
Ai  vl  .r. '  e»rs  i:\  :he  buttivk,  immeil lately  below  the  pyri- 
:\^r!v.i>    r..u>/.o,  uI.tv^:  with    the    £rreat    and   small  sciatic 

w  V. 

:  rvt<.  It  jiives  otT  a  ■>•••  -/"j/  branch,  which  pierces  the 
_:rt  i:  s.iAtio  li^Air.eiit,  sup] 'lies  the  origin  of  the  glut-eu? 
!  .;x:i:.u<  !r.\:<c-o  froLi  tb.it  liiT^iment,  and  ends  in  the  skin 
J  Ki*  :lie  v\v-.  yx  :  a  *••:->'  nen'i  iWhiatiri\  a  small  branch. 
which  ;\.\\nr.T\\r.io<  the  in^at  sciatic  nerve  :  terininnt 
l:v.iich:s,  ^^hich  for  the  most  part  end  in  the  lower  half  of 
tbo  cli:tou>  nuixinuis,  though  some  snpply  the  rotator 
r.u:<olo>  in  the  buttock.  Not  unfreqnently  the  sciatic  and 
ii:di.  ait«.nos  arise  iRnn  the  internal  iliac  by  a  common 
nuiik.  \\Li.  h  aividos  as  it  enters  the  buttock  into  the  tw^ 
arteries. 

i.   (>''*■—*  r  artery  passes  forwards  between   the   peri- 
tinuv.ni  and  pehie  fascia,  alonii  the  side  wall  of  the  i>elvi> 
as  far  as  the  u}>per  part  of  the  v>btnrator  foramen,  thn»ugh 
wliicli   it   parses   into  the   thigh,  where  it  divides  into  its 
terminal    branches.     It    gives    off   in  the    pelvis    a  /^«'-.' 
braucli.  whicli  anastomoses  with  the  pubic  branch  of  tbt? 
deep  e] agastric  artery.     The  ttymiiinl  branches  pass  to  thr 
obturator  externus,  gracilis,  and  adductor  muscles,  and  & 
l»rauch   enters  the   hip  joint   through  the  cotyloid  notch 
The  obturator  artery  varies  in   its  origin.     In  3G1    oasc^ 
examined   by  W.  Quain,   it  arose   in  two-thirds  from   tLc 
internal  iliac  :  in  c>ne  ease  out  of  three-and-a-half  from  tie 
deep  epigastric;  in  a  very  small  projwrtion,  partly  frvr. 
the  internal  iliac,  and  partly  from  the  epigastric,  and  in  *z 
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equally  small  proportion  from  the  external  iliac  artery. 
Its  origin  from  the  epigastric  is  dne  to  a  great  increase  in 
the  axe  of  the  pnbic  branch  of  that  artery.  When  the 
obturator  arises  from  the  epigastric  it  enters  the  pelvis 
behind  its  pubic  wall,  and  in  its  course  passes  usually  to 
the  outer  side  of,  more  seldom  to  the  frDut  and  inner  side 
of  the  crural  ring ;  a  point  to  be  kept  in  mind  in  connec 
tion  with  the  anatomy  of  the  parts  concerned  in  femoral 
hernia. 

Important  anastomoses  take  place  not  only  between 
branches  belonging  to  the  iliac  system  of  arteries,  but 
between  some  of  these  branches  and  those  of  other  arte- 
ries. 

In  the  wall  of  the  abdomen,  as  already  described,  the 
deep  epigastric  and  circumflex  iliac  of  the  external  iliac,  and 
the  ilio-lumbar  of  Ihe  internal  iliac,  anastomose  with  the 
iDtemal  mammaiy  of  the  subclavian,  and  with  the  lower  in- 
terooetal  and  lumbar  branches  of  the  aorta.     At  the  sacral 
wall  of  the  pelvis,  the  lateral  sacral  of  the  internal  iliac 
anastomoses  with  the  middle  sacnd  of  the  aorta,  and  with 
the    superior  hsmorrhoidal  termination  of   the  inferior 
mesenteric  artery.    At  the  anterior  wall  of  the  pelvis 
l>eliind  the  os  pubis^  the  pnbic  branch  of  the  deep  epi- 
gastric anastomoses  with  the  pubic  branch  of  the  obturator. 
In  the  lower  limb  the  following  inosculations  take  place 
arooiKl  the  hip  joint :  iA  the  buttock  and  region  of  the 
trochanter  major  the  gluteal  and  sciatic  branches  of  the  in- 
ternal iliac  with  the  external  and  internal  circumflex  branches 
of  the  profunda ;  in  the  region  of  the  trochanter  minor  the 
obturator  of  the  internal  iliac  with  the  internal  circumflex 
of   the  profunda.    These  inosculations  enlarge  and  form 
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sueoiidary  channels  for  conveying  the  blood  to  the  lower 
limb  when  the  external  iliac  artery  is  tied.     In  the  sub- 
stance of  the  thigh,  more  especially  in  the  hamstring  and 
adductor  magnus  muscles,  the  several  perforating  branches 
of  the  profunda  anastomose   with  each   other,  with  the 
circunillex  branches  of  the  profunda,  with  the  comes  nerri 
iscbiatici   branch    of   the   sciatic,  and  with   the  superior 
muscular  branches  of  the  popliteal.     These  anastomose^ 
enlarge   and   form   secondary  channels  when  the  femoral 
artery  is  tied.     Around  the  knee  joint  the  five  articular 
branches  of  the  popliteal  anastomose  with  each  other,  with 
the  anastomotic  branch  of  the  femoral,  with  tbe  descendim: 
l)ranch  of  the  external  circumflex,  and  with  the  recurrent 
articular  branch  of  the  anterior  tibial.     In  the  front  of  the 
leg  the  muscular  branches  of  the  anterior  tibial  anastomose 
with  each  other.     In  the  back  of  the  leg  the  muscuLir 
branc'hes  of  the  posterior  tibial  and  peroneal  inosculate 
with  each  other,  and  the  communicating  branch  of   the 
] peroneal  with  the  i)osterior  tibial.     Around  the  ankle  joint 
the  internal  and  external  malleolar  branches  of  the  anterior 
tibial  inosculate  with  the  anterior  perforating  and  terminal 
branches  of  the  peroneal,  and  with  the  tarsal  branch  of  the 
dorsal   artery  of  the  foot.     In  the   foot  itself    the  dorsil 
artery  inosculates  with  the  external  plantar  artery  to  fcm 
the  1)1  an  tar  arterial  arch;  its  tarsal  and  metatarsal  brancbt> 
inosculate  not  only  with  each  other,  but  at  the  outer  bord-r 
of   the  foot  with  the  marginal  branches  of   the  extenkil 
|)lantar,  and  at  the  inner  border  of  the  foot  with  the  n:.^- 
giual  branches  of  the  internal  plantar  artery.     The   pc^ 
f orating  branches  of  the  plantar  arch  inosculate  "with  tk: 
interofiseous  and  digital  branches  of  the  metatarsal  artcr 


ST)tUCT0RB  OF  AKTEBIES.  493 

lies,  and  tha  ndlatenl  aitenes  to  each  toe  anastomoBe 
with  each  other  od  the  plantar  aspect  of  the  termioal 
phalanx. 

Structure  of  the  Arteriet,  ' 

As  a  general  rale,  each  artery  is  sorroimded  bj  a  tkeatk, 
fgnned  of  connective  tissue,  which  is  attached  to  the  outer 
wall  of  the  artery  by  slender  fibres,  and  the  attachment 
is  ao  loose,  that  when  the  artery  is  cut  across  it  retracts 
within  its  sheath.  The  wall  of  the  artery  condsts  of 
sereral  coats,  which  are  distinguished  from  each  other  not 
only  by  differences  in  the  direction  of  the  fibres  of  which 
thoy  are  composed,  bnt  by  stmctoral  differences.     Soma 


1  Aiury.   A,  (nalck  adm 


le  these  coats  outer,  middle,  and  inner,  but 
others  apply  to  them  the  names  of  fibroos  coat,  elastic 
GO«t,  muscular  coat,  fenestrated  coat,  and  endothelial  coat, 
•  nooienclatnre  heaed  on  their  strtictoral  chazacten. 
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The  outer  coat  of  the  artery,  or  tunica  adventitial  con- 
aLsts  of  interlaced  bundles  of  white  fibrous  tissue  mingled 
with  elastic  fibres.  In  the  larger  arteries,  the  proportion  of 
elastic  tissue  increa^ses  in  the  deeper  part  of  this  coat,  so  as 
to  fonu  an  elastic  layer.  In  some  arteries,  as  the  aorta, 
.splenic,  and  renal  arteries,  bundles  of  non-striped  muscular 
fibre  airanged  longitudinally  or  obliquely,  have  been  de- 
scribed in  the  deeper  part  of  the  outer  coat. 

The  middle  coat  consists  in  medium-sized  arteries  chiefiv 
of  non-striped  muscular  fibres,  arranged  transversely  to  th-j 
long   axis   of   the   artery,  so  that  this  coat  is  sometinu-- 
named  the  circular  or  niuscular  coat.     The  muscular  c»)at 
forms  several  layers,  which  may  be  peeled  asunder.     Be- 
tween the  layers,  as  well  as  between  the  muscular  fibro 
in   each   layer,  elastic  fibres  are  found.     In  the  larg^.-t 
arteries,  as  the  aorta  and  pulmonary,  the  proportion  of  thi 
elastic  to  the  muscular  constituent  of  this  coat  is  so  vtrv 
greatly  increased  as  to  form  layers  of  elastic  tissue  in  tie 
uiiddlc  coat.     The  elastic  fibres  of  the  middle  coat  pass  vi. 
tlie  one  hand  into  the  elastic  layer  of  the  outer  coat,  aii 
on  the  other  into  the  elastic  layer  of  the  inner  coat. 

The  iuiwr  coat  or  tunica  intima  has  its  free  surface,  t\-'. 
the  surface  next  the  lumen  of  the  artery,  formed  of  a  t.in.:.'- 
layer  of   flattened,  elongated,  squamous  endothelial    crl'.-. 
which  give  a  smooth  glistening  surface  for  the  blui.>i  v 
tlow  over.     Outside  the  endothelium  is  an  extra-endotht.^ 
layer,  consisting  of  a  delicate  connective  tissue  in  v^.l 
stellate  corpuscles  are  situated  :  outside  this  layer   is  ti. 
elastic  or  fenestrated  layer,  which  forms  the  chief  tidckres^" 
of  the   inner  coat.     The  fenestrated  layer  consists  of  *: 
elastic  membrane,  which  may  be  slit  up  into  several  sti^— 
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It  coataiiu  s  natwork  of  elastic  fibres,  with  spaces  or 
peifontUHU  in  it,  which  give  it  a  feikestrated  appearance. 
The  inner  coat  may  be  peeled  off  the  middle  coat  as  a 
brittle  film,  which  curls  apon  itself  when  detached  from 
the  artei;.  The  inner  coat  is  always  cut  throngb  b;  the 
soigeon  when  he  ties  a  ligature  around  an  artery,  and  the 
middle  eoot  ia  lunally  diTided  along  with  it ;  the  tough- 
nan  of  the  external  coot,  however,  enables  it  to  reeiat  the 
ap[dication  of  the  ligature. 

The  wall  of  on  artery  is  nooriehed  not  by  the  blood 
which  flows  along  the  tube,  but  by  email  arteries  dtatri* 
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bated  in  ita  coats,  which  arise  either  from  the  arteiy  itself, 
or  from  B4JBcent  aTterie&  They  form  a  network  on  the 
snr&ce  of  the  artery  before  entering  its  waU,  and  they 
ramify  in  the  external  and  middle  coat ;  but  it  is  doubtful 
if  any  veaeels  pass  into  the  inner  coot.  They  end  in 
^piUariee  from  which  veins   arise.     The  vessels   of  the 
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waU  of  an  artery  are  named  vata  vaaorum.  Lymph-vends 
are  said  to  be  situated  in  the  onter  coat  Nerres,  duefly 
derived  from  the  sympathetic^  are  distributed  to  tbe  rnDS- 
cular  coat ;  they  form  the  peripheral  distiibutioD  of  tJie 
vaso-motor  nerves. 

*  The  smallest  arteries,  or  arterioletf  are  of  microseopic  vat 
They  possess  an  endothelial  lining,  a  muscular  middle 
coat,  and  an  external  adventitia ;  but  the  elastic  fenestnte^ 
coat  is  absent  (fig.  133).  The  muscular  coat  is  reduced  to 
a  single  kyer  of  circularly  arranged  fibroHsells ;  but  is  t^ 
frog,  as  Lister  has  shown,  these  fibre-cella  are  spin^? 
arranged  around  the  wall  of  the  artery. 

The  elasticity  of  the  wall  of  an  artery  is  one  of  ift 
most  important  physical  characters,  as  it  permits  thesiteiT 
to  become  distended  under  the  pressure  caused  by  the  pfv^ 
pulsion  of  the  blood  into  the  arteries  during  the  vcntrienlir 
contraction.     When  the  ventricle  ceases  to  contncl  the 
elastic  wall  recoils  on  the  blood,  and  causes  a  coutiDWio* 
stream  through  the  capillaries.    Pulsation,  or  the  puls^  '^ 
produced  by  the  regular  periodic  modifications  m  tk 
calibre  of  an  artery.     Owing  to  the  muscularity  of  tk« 
arterial  wall,  the  lumen  of  the  tube  can  be  leaaened  \>j  ^^ 
contraction  of  the  circular  muscular  coat,  and  the  amonitf 
o€  blood  supplied  to  a  part  can  be  diminished.     When  cc& 
across  the  divided  end  of  an  artery  is  open  or  gapesL 
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Th«  blood  capillaries  are  the  minute  tabes  which  connect 
t«^ther  the  terminal  branches  of  the  arteries  and  the 
rootletfl  of  the  Teina.      They  vary  in  diameter  from  -j-^ 
to  T^  inch,  and  the  finest  capillariee  are  bo  narrow  that 
OC1I7  a  sin^e  blood  corpnacle  can  lie  in  the  transTerse  diar 
meter  of  the  tnbe.    The  stmctore  of  the  wall  of  a  capillary 
blood  nesel  is  veiy  simple.    It  eonaista  of  a  single  layer  of 
elongated,  sqnamons  endothelial  cells,  nnited  together  by 
their  lomewliat  crennlated  margins,  so  as  to  form  the  wall 
of  the  tnb&    The  ontlinee 
of  these  cells  can  be  do- 
moDBtrated  after  the  addi- 
tion of  a  solution  of  nitrate 
of  silver.     The  nuclei  of 
the  cells  are  coloured  by 
carmine,   or  can  be  seen 
after    the     addition      o( 
acetic  acid.     Minute  spots 
are    sometimes   seeu  be' 
£|^^MrtS^unu<?rii^        tween    the    cells,  which 
^  hare  been  iateipret«d  as 

orificM  or  Oomata  in  tJie  capillary  wall,  but  the  accu- 
racy of  this  interpretation  ia  very  doubtful  The  en- 
dothelial wall  of  the  capillaries  is  continnous  with  the 
endothelial  lining  of  the  arteries  and  veins,  so  tliat  a  con- 
tinojty  of  the  walls  of  the  blood  tubes  is  ensured.  In  many 
localitiea,  as  tie  lymph-glands  and  follicles,  the  spinal  cord, 
tteorariea,  4c.,  the  endothelial  waU  is  iuTsated  by  adeU- 
cste  coat  id  connective  tissue,  which  forpis  a  tunica  adven- 
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tiHa  for  Uie  capillary.  This  coat  ia  condnnoiu  villi  ll^ 
counective  tissue  of  the  organ  in  which  -the  capiDiii<i  in 
sitnated,  and  also  with  ibe  sdTantitia  of  the  nmU  tiV» 
and  TeiQB  which  the  capillaries  connect  together.  (^fSlu^ 
have  no  muscnlar  coat,  and  the  appearance  of  nu^ 
fibre  cells  in  the  vascular  wall  indicates  the  paaagtinxii  i 
simple  capillary  either  into  a  minute  artety  oc  a  uitB' 
vein.  The  endothelial  wall  is  therefore  the  nmplt  fu^ 
mental  form  of  the  blood  tube,  and  the  feneetntol.  i^ 


MltWt^^ 
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muscular  and  the  external  coats  are  layers  Bopeiadd^ ' 
the  blood  tube  increases  in  structural  complexity. 

Capillaries  have  a  network  like  or  pleziform  arrangeW 
ID  the  organs  of  the  body,  but  the  form  <rf  the  netwaikw 
in  different  localitiee,  and  is  to  some  extent  r^olated  b;  - 
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armngement  of  the  tissues  of  the  organ  itself.  In  mnsdes, 
for  instance^  the  strands  of  the  capillaiy  network  are  elon- 
gated, parallel  to  and  between  the  mnscolar  fibres  and 
fasciculi :  in  most  glands  the  networic  is  irregularly  poly- 
gonal :  around  the  lobules  of  adipose  tissue  the  spaces  of 
the  network  are  more  rounded :  in  papillary  projections, 
like  thoee  of  the  skin,  or  mucous  membranes,  or  placental 
▼ill],  the  capUlaries  are  arranged  in  the  form  of  loops, 
which  either  may,  or  may  not,  be  united  into  a  network. 

The  eapillariee  lie  in  the  interstices  between  the  proper 
tissues  of  the  part  or  organ,  and  do  not  penetrate  into  the 
interior  of  the  oeUa  or  fibres  of  which  the  tissues  are  com- 
posed. Organs  Yary  consideraUy  in  their  yascularity,  and 
the  Yascularity  of  an  organ  depends  upon  the  relative  pro- 
portion of  the  capillaries  that  it  contains  to  the  proper 
substance  of  the  tissue  of  the  oigan.  The  vascularity  of 
an  organ  is  in  relation  to  its  degree  of  functional  activity, 
and  in  infancy  and  youth  when  parts  are  actively  growing, 
their  vascularity  is  greater  than  in  adult  life,  when  the 
growth  has  ceased.  Some  structures,  as  adult  cartilage, 
the  cornea,  epithelium,  hairs,  nails,  cuticle,  and  endothe- 
lium, have  no  capillaries  passing  into  their  substance,  and 
are  therefore  non-vascular. 
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THE  VSIKS. 

The  yeins  are  the  yessels  which  convey  the  blood  from 
the  capillaries  back  to  the  heart,  and  in  their  coarse  in- 
crease in  size,  by  junction  or  anastomosis  with  each  other. 
The  rootlets  of  the  veins  spring  from  a  network  of  capil- 
lary vessels ;  they  communicate  with  each  other  and  form 
a  venous  plexus,  from  which  larger  veins  arise.  The  vdns 
in  the  body  are  more  numerous  than  the  arteries^  and 
possess  collectively  a  greater  capacity  than  the  arteiie& 
In  most  of  the  veins  delicate  valves  are  found,  which 
possess  a  semilunar  form,  and  are  usually  arranged  in 
pairs,  and  a  pouch-like  dilatation  of  the  wall  of  the  vein 
is  opposite  each  segment  of  the  valve.  When  the  Uood 
flows  along  the  veins  towards  the  heart,  the  valves  be 
against  the  wall  of  the  vessel ;  but  if  pressure  be  applied 

to  a  vein  so  as  to  obstnict  the  on- 
ward flow  of  the  circulation,  then 
the  blood  passes  into  the  poaches 
between  the  wall  of  the  vein  and 
the  valve  adjacent  to  the  seat  of 
pressure,  so  as  to  force  the  Mo- 
ments of  the  valve  across  the  iQnMn 
of  the  vein  and  stop  the  regurgi- 
tation of  the  blood.  The  valves 
are  found  especially  in  the  veins  el 
the  limbs,  where  the  circulation  it 
likely  to  be  interfered  with  either 
by  the  pressure  of  the  muades  on 
the  veins  during  their  action,  or 
by  the  pressure  of  blood  caused  by  gravity,  and  are 
usually  seated    at    the   points  of  confluence  of 
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They  aro  absent  in  the  veins  of  the  longs,  of  the 
brain,  in  the  yense  cav»  and  hepatic  yein,  and  in  the 
veins  of  several  of  the  abdominal  viscera.  Some  of  the 
veins  lie  in  the  subcutaneous  fat,  and  are  called  superficial 
veins,  others  lie  amidst  the  muscles,  and  form  the  deep 
veins.  The  deep  veins  usually  accompany  the  arteries, 
and  are  named  after  them ;  in  many  localities  an  artery  is 
accompanied  by  two  veins,  termed  its  venas  eomites.  Some 
of  the  deep  veins,  as  the  cranial  venous  sinuses,  do  not 
however  run  along  with  arteries.  The  superficial  veins 
do  not  accompany  arteries.  Frequent  anastomoses  take 
place  between  the  superficial  and  deep  veins. 

The  veins  are  arranged  primarily  into  two  groups — ^the 
Pulmonary  veins  and  the  Systemic  veins. 


PULMONABT  OSOUP  OF  VEINS. 

The  pulmonary  group  of  veins  consists  of  the  veins 
which  convey  the  arterial  blood  from  the  lungs  to  the  left 
auricle  of  the  heart. 

Two  PuLMONABT  VEINS  are  formed  in  each  lung  by  the 
coalescence  of  the  venous  radicles,  which  arise  from  the 
pulmonary  capillaiy  plexus.  They  run  to  the  root  of  the 
lung,  where  they  are  placed  anterior  to  the  pulmonary 
artery  and  bronchial  tube,  and  end  by  opening  into  the 
back  of  the  left  auricle.  The  pulmonary  veins  anastomose 
with  each  other  in  the  substance  of  the  lung.  They  are 
devoid  of  valves,  and  do  not  possess  a  greater  capacity 
than  the  pulmonaiy  arteries. 
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8Y8TEMIC  GROUP  OF  VEISB. 

The  Systemic  groap  of  yeins  consistB  of  the  eoTonary 
venous  system ;  the  system  of  the  superior  vena  cava ;  the 
system  of  the  inferior  yena  cava ;  and  associated  with  Ihe 
inferior  vena  cava  is  the  portal  venous  system. 

Coronary  Tenovts  Sydem^ 

The  Coronary  venous  system  consists  of  the  veins  of 
the  heart,  or  the  cardiac  veins. 

The  Cardiac  vsins  arise  from  the  capillaries  of  the 
coronary  arteries  in  the  substance  of  the  muscular  waU  d 
the  heart     Those  which  arise  in  the  ventricles  run  on  the 
anterior  and  posterior  surfaces,   from  the  apex  to  the 
auriculo-yentricular  groove,  where  they  open  into  the  grtat 
coronary  vein,  and  possess  valves  at  their  orifices.     Thi^ 
vein  runs  in  that  groove  on  the  back  of  the  heart,  when 
it  dilates  into  a  sinus — the  coronary  venous  sinuM — ^whieh 
opens  into  the  right  auricle,  between  the  month  of  the 
inferior  cava  and  the  right  auriculo-ventricular   orifice 
Veins  from  the  wall  of  the  left  auricle  open  into  the  grea: 
coronary  vein,  but  the  veins  from  Uie  wall  of  the  right 
auricle  for  the  most  part  open  directly  into  its  cavi^  ai 
the  foramina  ThebesiL     One  vein  which  passes  obliqiMiT 
from  the  wall  of  the  left  auricle  into  the  ainns  is  the 
remains  of  the  left  superior  vena  cava  of  the  embryoi 

System  of  the  Superior  Vena  Cava. 

The  Superior  or  Descenbinq  Yeka  Cava  collects  arn. 
conveys  to  the  right  auricle  of  the  heart  the  blood  whici 
circulates  in  the  head,  neck,  upper  limbs,  and  the  walla «.« 
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the  chest.  It  is  situated  iu  the  cavity  of  the  thorax,  and 
IB  fonned  by  the  junction  of  the  two  brachio-cephalic  veins, 
abont  opposite  the  sternal  end  of  the  first  intercostal  space. 
It  descends  on  the  right  of  the  ascending  aorta,  pierces 
the  fibrous  layer  of  the  pericardium,  and  opens  into  the 
apper  and  posterior  part  of  the  right  auricle.  Immediately 
above  the  pericardium  it  is  joined  by  the  azygos  vein  (fig. 
137).  No  valve  exists  either  in  its  course  or  at  its 
amicular  orifice.* 

The  AzYGOS  vein  collects  the  blood  which  has  been  con- 
veyed by  the  intercostal  arteries  to  the  posterior  part  of 
the  walls  of  the  chest.  It  consists  in  the  lower  part  of 
the  thorax  of  two  veins,  the  right  and  the  left  azygos. 
The  right  azygon^  or  azygos  major^  is  connected  below  with 
the  right  lumbar  veins  of  the  wall  of  the  abdomen ;  it  enters 
the  thorax  through  the  aortic  opening  in  the  diaphragm, 
ascends  on  the  bodies  of  the  dorsal  vertebrae  to  the  right 
of  the  thoracic  duct  and  the  descending  thoracic  aorta, 
and  receives  in  its  course  the  series  of  right  intercostal 
Tdns.  Opposite  the  6th  or  7th  dorsal  vertebrae  it  is 
joined  by  the  left  azygos  vein,  and  higher  in  the  thorax 
it  receives  the  oesophageal  veins,  the  right  bronchial  vein^ 


*  Am  ma  exception  to  this  atatement,  I  may  mention  that  in 
Um  year  1868  I  dissected  the  heart  of  a  man  in  which  a  semi- 
lunar  yahn  was  placed  at  the  mouth  of  the  superior  cava.  Shortly 
afterwards  P.  D.  Handyside  published  an  aocount  of  the  heart  of  a 
male  fcetns,  nt  6^  months,  in  which  a  semilunar  valve  was  present  at 
the  auricular  orifice  of  the  superior  cava.  In  1889  A.  F.  J.  C.  Mayer 
deacribed  two  semilunar  valves  situated  close  together  in  the  anterior 
cava  of  the  dromedary.  Vulpian  and  Philipeauz  had  seen  a  valve  at 
the  mouth  of  the  right  anterior  cava  in  the  heart  of  the  elephant,  and 
a  similar  observation  was  afterwards  made  by  one  of  my  former  assist- 
ants, M.  Watson,  on  an  elephant's  heart  dissected  in  the  practical 
anatomy  rooms  of  the  University  of  Edinburgh. 
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and  somedmes  the  right  tuperior  itUercostal  vein.     When 
on  a  level  with  the  upper  border  of  the  root  of  the  right 
lung;  the  azygoe  vein  arches  forwards  above  the  root  and 
joizis  the  saperior  cava.    The  left  cuygo$^  or  azygot  minor, 
is  connected  below  with  the  left  lumbar  veins,  or  the  left 
renal ;  it  enters  the  thorax  through  the  aortic  opening  in 
the  diaphragm,  ascends  in  front  of  the  bodies  of  the 
lower  five  or  six  dorsal  vertebrsB,  receives  the  correspond- 
ing intercostal  veins,  and  runs  behind  the  aorta  to  join 
the  right  azygos  vein.      Owing  to  the  connection  below 
of  the  aiygoB  veins  with  the  lumbar  veins,  the  systems  of 
the  superior  and  inferior  ven»  cavae  are  anatomically  con- 
tinuous with  each  other  (fig.  137).     The  azygos  vein  is 
prpvtded  with  valves. 

The  intercostal  veins  of  the  two  or  three  upper  spaces  of 

the  right  side  join  to  form  the  right  superior  intereosUU  vein, 

which  opens  into  the  right  brachio-cephalic  vein,  though 

sometimes  they  join  the  azygos  vein.      The  intercostal 

veins  of  the  upper  four  or  five  spaces  of  the  left  side  join 

to  form  the  left  tuperior  intercoatal  vein,  which  usually 

opens  into  the  left  brachio-cephalic  vein,  though  it  may 

ioin  the  left  azygos  vein.     The  left  hronehial  vein  ends  in 

the  left  superior  intercostal  vein. 

Hie  Brachio-cephalic  or  Innomikate  veins  are  two  in 
u  umber,  a  right  and  a  left  Each  is  formed  by  the  junction, 
opposite  the  inner  end  of  the  clavicle,  of  the  subclavian  and 
internal  jugular  vein  of  its  own  side.  The  right  vein  is  short, 
ind  deoeends  to  the  right  of  the  arteria  innominata  as  far  as 
he  sternal  end  of  the  first  intercostal  space,  where  it  is  joined 
>y  the  left  brachio-cephalic  vein  to  form  the  superior  cava. 
lie  Uft  vein,  much  longer  than  the  right,  crosses  obliquely 
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iir.w  kf:  to  r'ulit  behind  the  manubrium  sterni,  between  it 
i;r..i  the  three  giwit  arteries  arising  from  the  transverse  part 
oi  the  a.  rtio  nreh.  These  veins  have  no  valves.  Each 
1  r.uV.ij  ee:'ha.:e  vein  has  opening  into  it:  a,  the  inferior 
r '.  r  \\  in,  N\  hioh  liesceuJs  from  the  thyroid  body,  in  front 
ot  ..:.  i  bv  ihe  siae  oi  the  trachea,  and  receives  the  inferior 
.  : '•:•/•.;'  v^in:  ?-,  the  i:iten}.il  inaminar^  YeiUf  which  b 
lv^n.u\i  bv  the  iui^'^'tiou  of  the  veui\}  comites  of  the  internal 
ir.;;:.::r..\rv  ait^rv  ;  these  veni^  comites  receive  small  veins 
eor:v>'.\  :..hr.g  to  the  sevenil  branches  of  the  artery:  c,  the 
.<   ;•'  -,  r    •  sr  i!  vein,  except  in  those  cases  in  which  this 

vein  i.^-.r.s  the  a,~V:,os  (tv^.  137). 

The  Mibehnian  vein  is  a  large  trunk,  formed  by  the- 
'\;r.eti.>n  of  the  snpertieial  and  deep  veins  of  the  upper 
linfo,  wh'.vh  are  arranceJ  a^  follows:  — 

Ti.e  >\  ;•■;.•-.":.'  veins  of  the  hand  commence  at  the  ti^s 
:i'.;.i  sides  ot"  the  lingers,  from  whence  they  proceed  tu 
llie  baek  ot  the  hand,  beneath  the  skin  of  which  they  may 
be  ilistinetlv  seen.  Thev  then  ascend  along  the  fore-ani.. 
forminiZ  three  larce  veins  :  the  radifil,  on  the  outer  side : 
th.e  .  .' .  :-.  on  the  inner  ;  and  the  median ,  in  the  middle  vf 
the  front  of  the  fv>re-arm.  At  the  bend  of  the  elbow  the 
median  divides  into  two  branches,  of  which  one,  nam-. i 
w  a'  o-v;  ',  ;.'.  •.  joins  thc  radial  to  form  the  cephiHc  ;  tre 
other,  named  :n(<Ii'i.(-:  kviV.>,  joins  the  ulnar  to  form  the  ?-;» - 
/<>  vein.  Into  one  or  other  of  these  two  branches  the  surrr.i 
irenerallv  makes  an  openimz  when  he  is  desirous  of  draw-.L* 
blood  from  the  veins  of  the  arm.  The  ce}>halic  vein  a^cen  is 
along  the  u]^per  arm,  and  a  little  below  the  clavicle  pkrc^ 
the  fascia  to  join  the  axillary  vein.  The  basilic  pier:::? 
the  fascia  about  the  middle  of  the  upper  arm,  and  jviniii? 
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brachial  veins  to  form  the  axillary  vein.  The  coaunani- 
cationa  between  the  superficial  and*  deep  veins  are  not, 
hoivever,  confined  to  the  point  of  termination  of  the  former, 
but  occur  at  various  parts  of  their  course,  more  espedallj 
at  the  bend  of  the  elbow,  where  a  deep  median  vein  con- 
nects the  median  with  the  deep  veins  of  the  fore-arm. 

The  deep  veins  of  the  hand  commence  at  the  tips  of  the 
fingers,  and  pass  as  digital  veins  on  the  sides  of  the  fingers 
to  the  palm  of  the  hand,  in  which  two  venous  arches, 
corresponding  to  the  arterial  arches  of  the  palm^  are 
situated ;  from  these  arches  the  veins  extend  upwards  along 
the  front  of  the  fore-arm,  as  far  as  the  bend  of  the  elbow ; 
two  veins  closely  accompanying  each  of  the  arteries  of  the 
fore-arm,  and  receiving  numerous  small  veins  correspond- 
ing to  the  branches  of  these  arteries.  At  the  bend  of  the 
elbow  two  brachial  veins  result  from  the  junction  of  the 
deep  radial  and  deep  tdnar  veins  of  the  fore-arm.  The 
brachial  veins  pass  up  the  inner  side  of  the  upper  arm, 
closely  accompanying  the  brachial  artery  as  far  as  the 
arm>pit,  where  they  join  to  form,  along  with  the  superficial 
basilic  vein,  a  single  large  axillary  vein  :  they  receive  in 
their  course  small  veins  which  correspond  to  the  branches 
of  the  brachial  artery. 

The  Axillary  vein  is  a  large  vessel  which  ascends  to 
the  inner  or  thoracic  side  of  the  axillaiy  artery,  and  pnsses 
behind  the  clavicle  and  the  subclavius  muscle,  to  become 
the  subclavian  vein.  It  receives  not  only  the  veins  which 
correspond  to  the  branches  of  the  axillary  arteiy,  but,  just 
before  passing  behind  the  subclavius  muscle,  it  is  joined 
by  the  superficial  cephalic  vein.  Valves  occur  in  it  and  in 
the  other  veins  in  the  upper  limb. 


:  i . :   ,f  *:xii:  1/-:t:  j:  ._::  :j  u:  .f  :^e  Kii.»ta'ia  liul-'I:*  zi'ii-.-e. 

-  ;■"'.';.'. '"i.    i*^<l  ti^  :^  'til"  :.■"••   "jI-^   ■»!:  ~»'..i.7~:ir;     T-^iH  ;    1"^    r'i^J'il":'; 

....u.-lli.'T  r-:ji  r. :  i:  i:^^.:.:::!-  i:l,&e  to  the  interior  rL-ivi-il^. 

,  .j'.l-ir-  'irt  fr^..  ^-l:'v  .:•,:.:: •.-•.ted  t«.-«-tli»rr  ct  a  trjJLSverfc 
■  ..'-i:. -h  ^hi.h  pi.-.-";-?  a'.r.=i5  the  ciii-Ile  line,  abjve  tl: 
:^ *::.-:.::...  -i".  1  ^:'::*L:ii\  to  the  tr:i.:hra. 

T  L :  PI  X  r  :■:  ?. >  .ll  J  • "  .  v  i a  ?.  ve  in  co  oime noes  in  the  s'^V 
.-r.^Lw  f:  -;f  th',-  'ir-.t;.:  jlii^d,  bv  the  junction  of  the  tenirc-ril. 
iL>';ri..il  ri..tx:lliP.-,  tr-iQ-ver^o  fdOLiI,  {Hjsterior  auricular,  and 
fco:..'jt:iL-:.s  tL-:;  <x.-:;'Lt^l  veins,  all  of  which  corres{.'«"'nii  tc 
br'iLcL^-:^  of  th-  external  cirL-tid  artery.  It  paa^iS  obii^uelv 
riu"^. riV,ir<L  ar/l  ba-.-l^warda  under  the  platysma  ;  but  suprrr- 
I'.i.il  to  the  cervi-jal  fa-scia  and  6terno-ma?toid  muscle,  and;* 
httle  above  th^-  duvi'.Ie.  pierces  the  fascia  and  enters  the^ulr 
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clavian  vein :  after  it  has  pierced  the  fascia,  it  receives  the 
tupraacapular  and  trantveraaltB  coUi  veins  corresponding  to 
those  branches  of  the  subclavian  artery.  A  bisegmented 
valve  occurs  in  the  course  of  the  external  jugular  vein, 
and  a  similar  valve  at  its  junction  with  the  subclavian.  J. 
Struthers  has  shown  that  the  transversalis  colli  and  supra- 
scapular veins  possess  valves^but  not  the  anterior  jugular: 

» 

also  that  no  valves  occur  in  the  subclavian  vein,  except 
immediately  external  to  the  point  of  entrance  of  the  ex- 
ternal jugular;  but  at  the  junction  with  the  brachio-cephalic 
vein  a  two  segmented  valve  is  found. 

The  Internal  Juqular  vein  is  the  large  vein  which 
collects  the  blood  from  the  brain,  the  face,  and  certain 
parts  of  the  neck.  It  begins  at  the  jugular  foramen,  where 
it  is  continuous  with  the  lateral  cranial  blood  sinus  in  the 
dura  mater,  and  descends  to  the  outer  side  of  the  internal 
carotid  and  the  common  carotid  arteries,  but  within  the 
same  sheath ;  behind  the  inner  end  of  the  clavicle,  it  joins 
the  subclavian  vein,  to  form  the  brachio-cephalic  vein.  J. 
Struthers  has  described  a  bi-eegmented  valve  as  constantly 
present,  either  at  or  close  to  the  mouth  of  the  internal 
jugular  vein.    It  receives— 

a.  The  Facial  vein,  which  runs  down  the  side  of  the 
ifaoe,  posterior  to  and  a  b'ttle  distance  from  the  facial 
artery,  and  enters  the  internal  jugular  a  little  below  the 
posterior  belly  of  the  digastric  muscle :  the  facial  vein  is 
joined  by  the  veins  which  correspond  to  the  branches  of 
the  facial  artery,  as  well  as  by  the  yhmfo/  vein  from  the 
forehead.  A  eommunieating  vein  coimects  the  facial  with 
the  temporal  veins,  and,  in  cases  where  the  external 
vein  is  small,  allows  the  blood  from  die  veins, 
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I'orrospondiiic^C  to  the  cranial  branches  of  the  external  carotid 
artiTV,  t»i  tlow  into  the  internal  jugular  vein. 

h.  The  Llii'fiial  vein  conveys  the  blood  from  the  tongue 
into  the  internal  jugular  vein. 

c.  The  Plhtrt/nijuU  vein  corresponds  to  the  ascending 
l)h:iryngeal  artery,  and  joins  the  internal  jugular. 

(/.  The  ()rrip>t(fl  vein  sometimes  joins  the  internal,  at 
t)thers  the  external  jugular  vein. 

r.  The  Sff/>(  rior  TJnjroid  vein  proceeds  from  the  thyroid 
body,  and  is  joined  by  the  nupcnor  lart/ngeal  vein  before 
it  enters  the  internal  jugular. 

/.  A  Jfi<ld/t'  Tln/rt>id  vein  is  sometimes  seen  passiiij: 
from  the  thynnd  body  to  the  internal  jugular  vein. 

The  C'kantat.  Vkxous  Blood  Sinuses  are  veins  situattrd 
between  two  layei^  of  the  dura  mater  lining  the  interior 
of  the  cranial  cavity.     Their  general  arrangement  has  been 
described   in   the  section  on  the  membranes  of  the  brain. 
]>.    217.     It  may,   however,  be  further  stated  that  the^e 
.vinuses  are  situated,  some  in  the  mesial  plane  of  the  cavity, 
as    the  sKpcrioi*  lon'jitudinnl   sinus,   inffvior  lowjitudt'i'\ 
sinus,  strai'fht  sinus  and  o<v'/y//Vf//  sinus  :  others  laterally  tv 
that  mesial  plane,  as  the  cftrtnwus  sinus,  the  suj^erior  ai-.l 
in/t  rinr  jxiron'i!  sinuses  and  the  lateral  sinus  :  others  aer\.«ss 
the  mesial  plane,  as  the  rirculnv  sinus,  which  courses  around 
the    pituitary    body,    and   opens    on  each  side   into   tbt 
cavernous  sinus  lying  at  the  side   of   the  body  of    tL* 
sphenoid  bone  ;    and   the   transverse  sinus  which  passe> 
across  the  upper  surface  of  the  basi-occipital  and  connects- 
the  two  inferior  petrosal  sinuses  (figs.  138, 1 39).   The  cranial 
blood  sinuses  receive  blood  from  the  brain,  orbit,  and  veii.5 
of  the  diploe  of  the  cranial  bones,  also  small  veins  from  tie 
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dun  mater  immediately  adjacent  to  eacb  ainoB.  Tliey 
are  vithoot  vslTes ;  bnt  tbe  Baperior  longitudinal  sinus  has 
on  irr^ular  inner  snrface,  owing  to  tliepojection  of  fibrous 
bauds  into  its  lumen. 

Tbe  Vkiks  or  thz  Bbaut  nunify  in  the  pia  mater,  and 
are  arranged  in  a  snperficial  and  a  deep  group : — 

The  nperfieial  veins  of  the  cerebrum  pass  out  of  the 
convolutionB  into  tbe  pia  mater  covering  the  outer  surface 
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and  tbe  inner  face  of  tbe  cerebral  hemispheres,  and  open 
into  the  superior  longitudinal  sinns,  though  some  of  the 
veinB  of  tbe  inner  face  open  into  the  inferior  longitudinal 
sinua,  Tbe  veins  from  the  conrolutiona  on  tbe  lateral 
and  under  surfaces  of  tbe  cerebrum  open  into  tbe  cavemouB, 
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petrosal  and  lateral  smoBea.  The  veina  of  the  vspftt 
surface  of  the  cerebellam  open  into  the  stni^t  imiis» 
those  of  the  nnder  surface  into  the  lateral  and  ooo^ 
sinnses. 

The  deep  veins  of  the  cerebmm  emerge  from  the  cor- 
pora striata  and  optic  thalami,  enter  the  choroid  ptexoss 
which  form  the  fringe  of  the  velum  interpoeitam,  and 
conveige  to  the  middle  of  the  velum,  where  theyionn  ^ 
two  veins  of  Oalen.  The  veins  of  Galen,  ran  hackwai^ 
close  to  the  mesial  line  of  the  velum,  and  passing  along  vith 
it  through  the  transverse  fissure  of  the  cerebrum  below  tL« 
posterior  end  of  the  corpus  callosum,  reach  the  tentoiioD 
cerebeUi,  and  enter  the  straight  sinus. 

The  Ophthalmic  veins  are  two  in  number,  a  n^^rvr 
and  an  inferior.  They  are  situated  in  the  orHt,  and  ut 
formed  by  the  union  of  a  number  of  small  veins  oofn- 
sponding  to  the  branches  of  the  ophthalmic  arteiy.  ^ 
superior  vein  passes  backwards  through  the  sphencud&l 
fissure,  and  opens  into  the  cavernous  sinua.  The  infeivr 
vein  may  have  the  same  course,  but  more  usually  it  gM> 
through  the  spheno-mazillary  fissure,  and  joins  a  plez»  cs 
veins  in  the  pterygoid  region,  which  serves  aa  a  rootlet  fv 
the  internal  maxillary  vein.  The  vena  eentralit  reh*^ 
usually  opens  directly  into  the  cavernous  ainua.  Tit 
superior  ophthalmic  vein  communicates  with  the  veiitf  '• 
the  forehead  and  with  the  angular  vein,  one  of  the  rootk^ 
of  the  facial  vein,  at  the  inner  angle  of  the  orbit* 

The  Veins  of  the  DiploK  are  contained  in  canals  int^ 
diploe  of  the  cranial  bones ;  those  which  lie  in  the  ptnetL 
and  occipital  bones  communicate  not  only  with  the  laka 
and  occipital  sinuses,  but  with  the  temporal  and  oodp^ 
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yeins,  whilst  the  Teins  in  the  diploe  of  th«  Irontal  bone 
open  into  the  fnmtal  or  mpnt-orbital  rein. 

Though  the  intra-cnnial  blood  for  the  most  p&rt  leftvee 
the  skoll  through  the  lateral  einnsee  and  intem&l  jugular 
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Teins,  jet  certain  ftcceesoiy  commnDicatioiu  exist  between 
the  cnmial  aiaiues  and  the  veins  on  the  outaide  of  the 
head.    Thns  the  saperior  longitudinal  liniu  comniTinioates 
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with  the  Teina  in  the  parietooccipital  region  of  tlie  solp 
by  two  small  emissary  yeins,  which  pass  throngli  ^ 
parietal  foramina;  and  each  lateral  sinus  oommiuiicat«s 
with  the  veins  at  the  back  of  the  head  through  tiie  w- 
sary  veins  which  pass  through  the  mastoid  snd  the 
posterior  condyloid  foramina.  Nuhn  has  described  mif- 
sary  veins,  continuous  with  the  cavernous  sinus,  as  passinz 
through  the  foramen  ovale  in  the  sphenoid  to  become  coc- 
tinuous  with  the  middle  meningeal  vein;  Henle  stata 
that  a  similar  vein  goes  through  the  foramen  lacenuo; 
and  Rektorzik  has  recorded  a  similar  vein  desopd* 
ing  through  the  carotid  canal  in  the  petrous  bone.  Tbe 
occipital  sinus  communicates  with  the  posterior  spis^ 
plexuses  of  veins ;  the  inferior  cerebellar  veins,  or  *^ 
petrosal  sinuses,  join  the  venous  plexus  surrounding  t^ 
upper  end  of  the  spinal  cord.  The  superior  opbtkls^ 
vein,  by  its  communication,  on  the  one  hand  vitli  t^ 
cavernous  sinus,  and  on  the  other  with  the  veins  of  '^ 
face  and  forehead,  connects  the  intra -cranial  with  tk 
extra-cranial  venous  systems.  Seseman  maintains  tlft* 
whilst  the  blood  of  the  superior  ophthalmic  vein  msj^^* 
into  the  cavernous  sinus,  yet  that  its  chief  outlet  i«  *^ 
the  facial  vein.  The  middle  meningeal  veins  arise  is  ^ 
dura  mater,  and  leave  the  skull    through  the  tcnss 

• 

spinosum  to  serve  as  rootlets  for  the  internal  maxilliiy  ^^ 
The  Veins  of  the  Spine  are  arranged  in  relation  to  b<^ 
the  spinal  column  and  the  spinal  cord. 

The  Veins  of  ike  Spinal  Column  ramify  on  the  ext^^ 
of  the  vertebra,  in  the  substance  of  the  vertebrsl  ^^ 
and  in  the  interior  of  the  spinal  canaL      The  exim^'* 
or  dorsal  veins  form  a  plexus  on  the  back  of  the  vi^' 
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arches  and  spines.  The  veins  of  the  bodies  of  the  vertebra 
lie  in  canak  in  the  spongy  substance  of  the  vertebral 
bodies,  and  leave  the  bone  through  foramina  on  its  surface, 
of  which  the  one  that  opens  on  the  posterior  surface  of 
the  body  is  the  best  marked.  The  veins  within  the  spinal 
canal  lie  in  the  fatty  tissue  which  separates  the  dura  mater 
from  the  bony  walls  of  the  canal,  and  are  arranged  in  an 
anterior  and  a  posterior  longitudinal  group ;  the  anterior 
longitudinal  spinal  veins  lie  behind  the  bodies  of  the 
vertebrae  in  the  whole  length  of  the  spinal  canal ;  the 
posterior  longitudinal  spinal  veins  form  a  plexus  in  the 
whole  length  of  the  canal  immediately  in  front  of  the 
neural  arches. 

The  Veins  cf  the  Spinal  Cord  ramify  in  the  pia  mater 
investing  the  ooid,  in  which  they  form  plexuses. 

The  spinal  veins  freely  anastomose  with  each  other. 
The  veins  of  the  cord  communicate  with  the  veins  within 
the  canal  through  small  veins,  which  run  with  the  nerve 
roots  to  the  foramina  in  the  dura  mater,  through  which  the 
roots  proceed ;  whilst  at  the  upper  end  of  the  canal  they 
join  the  vertebral  and  the  inferior  cerebellar  veins,  and 
perhaps  the  petrosal  sinuses.  The  veins  of  the  vertebral 
bodies  communicate  with  the  anterior  longitudinal  veins. 
The  anterior  longitudinal  communicate  with  the  posterior 
longitudinal  veins,  with  which  they  form  a  venous  plexus ; 
this  plexus  is  united'to  the  dorsal  spinal  veins  by  veins, 
which  pierce  the  ligamenta  subflava,  and  pass  between 
the  vertebral  laminsd ;  it  freely  communicates  also  with  the 
lumbar  veinp,  the  intercostal  veins,  and  the  vertebral  veins, 
by  veins  which  pass  outwards  through  the  intervertebral 
foramina. 
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System  of  the  Inf  trior  Vena  Comu 

The  Inferiob  or  Ascekdiko  Yjsna  Cava  ooDects  aii 
conveys  to  the  right  auride  of  the  heart  the  blood  vMdi 
circulates  in  the  lower  limbs,  in  the  abdominal  and  pehk 
walls  and  viscera.  It  is  chiefly  situated  in  the  cavitr  A 
the  abdomen,  and  is  formed  by  the  junction  of  the  tw 
common  iliac  veins  on  the  right  side  of  the  body  of  the 
fifth  lumbar  vertebra  (fig.  140)  ;  it  ascends  to  the  lif^ 
dose  to  the  abdominal  aorta,  for  some  diatanoe ;  vheo  r 
reaches  the  under  surface  of  the  liver  it  lies  in  a  fow :: 
that  organ,  and  is  separated  from  the  aorta  by  the  lif^ 
cms  of  the  diaphragm ;  it  then  pierces  the  tendon  of  il- 
diaphragm  and  the  fibrous  layer  of  the  pericaidiuxn,  k>^ 
opens  into  the  lower  and  posterior  part  of  the  rig^t  aaikk 
Except  the  Eustachian  valve  at  its  auricular  orifice,  h  > 
without  valves. 

Several  veins,  corresponding  to  branches  of  the  abdofcit* 
aorta,  open  directly  into  the  inferior  vena  cava;  r 
follows : — 

The  Middle  Sacral  vein  joins  either  the  oomiDeav 
ment  of  the  cav!B^  or  the  left  common  iliac  vein* 

The  LiTMBAB  veins  collect  the  blood  from  the  posteo' 
wall  of  the  abdomen,  and  open  into  the  posterior  wiE  •' 
the  inferior  cava.      As  already  described  (pp.  503, 5C>.'* 
these  veins  also  communicate  with  the  azygoe  vein. 

The  Spebmatic  veins  ascend  from  the  testides»  one  a 
each  spermatic  cord,  in  which  it  formsa  plexifocm  anaa?^ 
ment  At  the  internal  or  deep  abdominal  ring  it  iu>' 
upwards  behind  the  peritoneum  and  opens  on  the  ^ght  jm 
into  the  inferior  cava,  on  the  left  into  the  left  itoal  nc 
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commoD  iliac  artery ;  the  left  vein  is  at  first  to  the  inner  side 
of  its  arteiy,  and  then  ascends  behind  the  right  common 
iliac  arteiy. 

The  Intxbnal  Iliac  vein  is  formed  in  the  cavity  of 
the  pelvis  by  the  junction  of  a  number  of  veins  which 
correspond  to  the  branches  of  {he  internal  iliac  artery.  It 
lies  in  front  of  the  sacro-iliac  joint,  and  opposite  the  brim 
of  the  pelvis  joins  the  external  iliac  to  form  the  common 
iliac  vein.    The  iliac  veins  are  without  valves. 

The  veins  which  correspond  to  the  visceral  branches  of 
the  internal  iliac  artery  form,  in  relation  with  their  respec- 
tive viscera,  complicated  venous  plexuses.     The  pratiatie 
vencus  pUxu$  surrounds  the  prostate  gland,  and  receives 
at  its  anterior  part  the  dorscU  vein  of  the  penis,  which  enters 
the  pelvis  by  piercing  the  sub-pubic  ligament  and  does  not 
end  in  the  deep  pudic  vein.    The  prostatic  plexus  com- 
manicates  behind  with  the  vetieal  venous  plexus,  which  is 
arranged  on  the  outer  aspect  of  the  muscular  coat  of  the 
bladder,  and  is  especially  well  marked  at  the  base  of  the 
bla4ider.    The  vesical  and  prostatic  plexuses  communicate 
with  the  honMrrhoidal  venous  plexus^  which  is  arranged  in 
and  around  the  wall  of  the  lower  end  of  the  rectum  and 
aoal  orifice.    The  hiemorrhoidal  plexus  conmiunicates  with 
the  superior  hsemorrhoidal  vein,  which  forms  one  of  the 
rootlets  of  the  portal  system  of  veins ;  it  ako  gives  rise  to 
the  middle  and  inferior  hiemorrhoidal  veins,  which  join 
the   deep  pudic  vein  of  the  internal  iliac,  and  is  thus 
brought  into  connection  with  the  system  of  the  inferior 
vena  cava.     In  the  female  a  vagtncU  venous  plexus  sur- 
rounds the  wall  of  the  vagina,  and  a  uterine  venouspUxus 
is  arranged  on  and  in  the  wall  of  the  uterus,  and  between 
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the  two  layers  of  the  broad  ligament.  The  sevenl  venco 
plexuses  in  relation  to  the  pelvic  Tisceia  are  apt  to  beeooie 
enlarged  and  gorged  with  blood,  especially  in  old  people, 
and  the  veins  of  the  lower  end  of  the  rectom  and  troood 
the  anus  are  apt  to  undergo  varicose  dilatations,  ntmed 
haemorrhoids  or  piles. 

The  ExTESNAir  Iliac  vein  is  directly  continnoos  ^ 
the  femoral  vein,  ascends  in  dose  relation  to  the  exur 
nal  iliac  artery,  and  joins  the  internal  iliac  to  foiP 
the  commoi>  iliac  vein.  It  receives  immediately  sbon 
Poupart's  ligament  the  de^  epigastric  and  deep  eirai^^ 
iliac  veins. 

The  Femoral  vein  is  formed  by  the  union  of  the  safe 

ficial  and  deep  veins  of  the  lower  limb,  which  are  wtnaffi 

as  follows : — The  superficial  veins  of  the  dorsum  of  t^' 

foot  are  separated  from  the  deep  veina  by  the  deep  tuo^ 

They  commence  by  veiy  fine  rootlets  arising  from  tk 

capillaries  of  the  skin.     At  the  sides  of  the  toes  they  f«^ 

the  digital  veins,  and  on  the  dorsum  of  the  foot  the  digits 

veins  form  an  arch,  from  the  inner  side  of  which  a  vei^ 

called  the  ^ofi^<apA«»oiM,  arises.   This  passes  upwards  «lo^^ 

the  inner  side  of  the  leg  and  thigh,  increasing  coosidaiHj 

in  size  in  its  course,  owing  to  a  number  of  veins  joioiik' 

it  from  the  extensive  surface  of  the  skin  of  the  limh    1^ 

terminates,  at  the  upper  part  of  the  thigh,  by  ptsacf 

through  the  saphenous  opening  in  the  fascia  lata,  and  j^ 

the  femoral  vein.     From  the  outer  side  of  the  venous  srch 

on  the  dorsum  of  the  foot  arises  the  extendi  fapktt^^ 

vein,  which  runs  behind  the  outer  ankle  and  on  the  bsci 

of  the  leg  to  the  ham,  where  it  pierces  the  popliteal  b^-* 

to  join  the  popliteal  vein.     The  deep  veins  begin  botli  ofi 
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tlie  dorsum  of  the  foot  and  in  the  sole.    Those  which 
arise  on  the  dorsum  of  the  foot  form  the  aiUerior  tibial 
veins,  and  accompany  the  anterior  tibial  artery;  they 
receive  a  considerable  number  of  branches  in  their  upward 
course,  which  proceed  from  the  mass  of  muscles  lying 
on  the  front  of  the  leg.    The  veins  which  begin  in  the 
sole  of  the  foot  accompany  the  plantar  arteries,  form  the 
plantar  veins,  and  then  pass  upwards,  along  the  inner 
ankle,  to  reach  the  back  of  the  leg,  along  which  they  ascend 
as  the  potUrioT  tibial  veins,  closely  accompanying  the 
posterior  tibial  artery,  and  receiving  in  their  course  numer- 
ous small  veins  that  proceed  from  the  muscles  of  the  back 
of  the  leg,  and  the  pertmeal  veins.    At  the  upper  part  of 
the  leg  the  anterior  tibial  veins  pass  to  the  back  of  the 
leg,  and  join  the  posterior  tibial  veins.    The  large  popliteal 
Tein,  formed  by  their  junction,  ascends  behind  the  knee- 
joint,  lying  in  the  ham,  along  with  the  popliteal  artery.    At 
the  upper  part  of  the  popliteal  space  it  passes  to  the  inner 
side  of  the  thigh,  ascends 'as  the  femoral  vein,  alongside 
of  the  femoral  artery,  as  far  as  Poupart's  ligament,  when 
it  enters  the  cavity  of  the  abdomen  and  becomes  the  external 
iliac  vein.     At  the  upper  part  of  the  thigh  the  femoral 
receives  the  profunda  vein,  corresponding  to  the  profunda 
artery  of  the  thigh,  which  conveys  the  blood  that  has  been 
carried  by  that  artery  to  the  numerous  large  and  important 
znnscles  of  the  thigh.    The  femoral  vein  is  also  joined  near 
this  spot  by  the  superficial  long  saphenous  vein,  into  which 
the  tuperficial  epigastric,  pudic  and  eircumflex  iliac  veins 
open  immediately  before  its  termination.    Valves  exist  in 
the  femoral  and  the  other  veins  in  the  lower  limbs. 
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r.'  P.'-.M.'  Venous  Sf/stem. 

T...^  p.^r:.\l  sir>:<.ai  of  veins  is  supplementary  to  tlie 
sysu:.;  ..  f  the  ii.feriv>r  vena  cava,  and  is  formed  by  the 
vi.:.>  vf  ::.o  i:i:v>:iue,  which  correspond  to  the  inferior  and 
< .: >;  r:  V  r  :r. i  >c :;:  eri c  branches  of  t he  abdominal  aorta,  and  bv 
N  i  :r.s  corivsivr.vV.i.c  to  the  bninches  of  the  celiac  axis  which 
c.^  tv^  :h;^  sMv.uh,  sj  leen,  pancreas,  and  gall  bladder.  I: 
Cv  Iv.ts  sr.vi  CvKivtvs  the  Mvvni  from  those  viscera  and 
ir. :.;  the  several  ti:Y:>ivn;s  of  the  intestinal  tube  (tig.  141), 

T..C  iNrrii'.oK  Mr>r.NTEKio  vein  arises,  as  the  suj>^rijr 
.\  r  .  •  .  i.:.'  vii:;.  frvin  the  h:vmorrhoidal  plexus  of  veici 
..r.  ..:.vi  the  l.n\;.r  ir.a  of  the  rectum ;  it  ascends  behind 
the  n\:.i:::.  ar.A  i.<  th.on  ioinevl  bv  the  sigmoid  vein.  Il 
i:s  :\;rthcr  a>v^r.t  the  inferior  mesenteric  receives  the  irri 
c  ..  •  Niin.  ar.i  lies  behind  the  j^eritoneum  to  the  left  of 
the  ii.fvrivr  nusontcric  artery  ;  it  then  passes  behind  thr 
pa:uTc.i<  and  tniis  in  the  splenic  vein. 

The  S;  rvKK^K  Mr>rNTr.uic  vein  is  formed  by  the  junc- 
tion of  the  .V:  -.•  •*;  \  -.  ;l\'  -  .'iV,  and  miJ-ile  colic  veins  :  it 
reciivcs  the  -r/si.  ..;,'  veins  corresponding  to  the  intestii^sl 
branches  of  the  superior  mesenteric  artery  and  the  n/.: 
t.M>r>' I  .;•'.:>  vein.  It  ascends  in  the  mesentery  to  tic 
rii^h:  v-ide  of  the  snperlor  mesenteric  artery,  goes  in  frvtc:  ».: 
the  diKxienuni,  and  behind  the  pancreas,  to  join  the  splr:::- 
vein  and  so  form  the  p<.^rtal  venous  trunk  (tig.  141  >. 

The  Splexic  vein  commences  in  the  substance  c-f  tii 
spleen,  from  which  it  emerges  at  the  hilua  in  fiv^e  or  s;^ 
divisions,  which  unite  in  the  g^astro-splenic  omectuza  ir:: 
a  single  vem.  The  splenic  vein  runs  to  the  riiii  *^-"-^ 
with  the  splenic  artery  and  behind  the  pancneaSy  a^  ;.ii^ 
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the  saperior  mesenteric  vein  to  form  the  portal  veuous 
tnink.  It  reoeiyea  in  its  coarse  the  shoH  gatttie  vein  from 
the  stomach,  the  left  ffcutro-tpiploie  vein,  pancreatic  and 
duodenal  veins,  and  the  ittferior  meaenteric  vein.  R  Crisp 
has  described  valves  in  both  the  splenic  and  mesenteric 
veins. 

The  CoBONABT  vein  mns  along  the  small  curvature  of 
the  stomach  and  joins  the  portal  venous  trunk  near  its 
origin. 

The  Ctstio  vein  proceeds  from  the  gall  bladder,  and 
joins  either  the  portal  venous  trunk  near  the  liver,  or  its 
right  branch  of  bifurcation* 

The  Postal  Venous  Tbukk,  or  Portal  Vein,  is  formed 
by  the  union,  behind  the  pancreas,  of  the  splenic  and 
superior  mesenteric  veins.  It  passes  obliquely  upwards 
and  to  the  right,  between  the  two  layers  of  the  small 
omentum,  behind  and  between  the  hepatic  artery  and  com- 
mon bOe  ducty  to  reach  the  transverse  fissure  of  the  liver, 
where  it  divides  into  a  right  and  a  left  branch.  These 
branches  enter  the  right  and  left  lobes  of  the  liver,  in 
which  they  divide  and  subdivide  after  the  manner  of  an 
artery,  and  end  in  the  intra-lobular  capillary  plexus,  from 
which  the  rootlets  of  the  hepatic  vein  arise. 

Although  the  portal  venous  system  is  sometimes  regarded 
OS  distinct  from  the  system  of  the  inferior  cava,  except 
through  the  channel  of  communication  provided  by  the 
hepatic  vein,  yet  anastomoses  between  the  two  systems, 
do  undoubtedly  occur  in  connection  with  certain  of  their 
perii^eral  lamificationa.  It  has  already  been  stated 
(p.  619)  that  the  hsemorrhoidal  plexus  is  continuous  with 
the  rootlets  of  both  systems.    The  elder  Betaus  observed 


1.ZL  vp;-i3^  iato  tki  inleriur 
:■  u.i  cvijaing  into  the  reiml 
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▼ein.     Moreover,  he  described  a  network  of  small  Teins 
lying  in  the  areolar  tissoe  outside  the  peritoneuniy  which 
communicated  on  the  one  hand  with  the  veins  of  the  colon, 
and  on  the  other  with  the  renal  veins,  the  pelvic  veins,  and 
other  rootlets  of  the  inferior  vena  cava.    This  network 
evidently  corresponds  with  the  extrarperitoneal  arterial  net- 
work, which  I  have  injected  and  described  in  the  same 
locality  (p.  433),  as  connecting  tc^ther  the  parietal  and 
Tisceral  branches  of  the  abdominal  aorta.      Schiff  and 
Lnachka  have  also  described,  by  the  name  of  vena  parumr 
biiiealit,  a  small  vein,  which  is  connected  on  the  one  hand 
with  the  deep  epigastric  vein,  a  rootlet  of  the  external 
iliac,  and  on  the  other  with  the  portal  vein;  this  vein 
aaoends  to  the  liver  along  with  the  round  ligament  Cases  of 
ooeaaional  enlaigement  of  this  vein  have  been  described  by 
Monro,  Rokitansky,  Champneys,  and  others.     The  inos- 
calsitions  described  on  p.  516  between  the  spinal  veins  and 
the  lumbar  and  intercostal  veins,  establish  a  communication 
between  the  circulation  in  the  spinal  cord  and  that  in  the 
parietes  of  the  chest  and  abdomen.    These  venoua  and 
arterial  anastomoses  have  an  interest   and    importance 
in   connection  with  the  practice  of  local  blood-letting  by 
cupping  or  leeching  the  abdominal  wall 
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\tms,  like  arteries,  are  enclosed  ia  a  fibrous  sheath. 
The  thickness  of  the  wall  of  a  rein  ia  consideralily  less 
thaD  that  of  an  artery  of  equal  siia  The  thinness  of  lie 
venous  ■wall  enables  the  colour  of  the  blood  to  be  secti 
throiijjh  it,  6o  that  veins  have  a  bluish-purple  colour 
Veius  have  three  coats, — an  outer,  middle,  and  inner. 

The  outer  coat,  or  tiinki  wfivnlilin,  is  formed  by  sn 
interlacement  of  white  and  yellow  elastic  fibres  of  coe- 
nective  tissue;  it  possesses  considerable  strength,  thoAi;! 
it  has  nil  great  thickness.  In  some  veins,  more  especially 
those  of  the  aMoraiiial  cavity,  non-striped  muscular  fibres 
are  found  in  this  coat,  arranged  as  a  longitudinal  network. 


The  midille  cciat  consists  of  nonsfriped  muscular  fihrf-i=, 
arranged  transversely  around  the  vein,  and  mingled  miia 
these  muscular  fibres  are  white  and  yellow  elastic  &hnr^ 
of  connective  tinsue,  which  mostly  ron  in  a  londtudical 
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direction.  This  coat  is  much  tluQner  than  the  middle 
coat  of  a  correeponding  artery ;  but  in  some  yeins,  espe- 
cially those  of  middle  size,  it  is  thicker  in  proportion  than 
in  the  largest  sized  yeins.  On  the  other  hand,  the  veins 
of  the  pia  mater,  the  Tenons  sinuses  in  the  dura  mater, 
the  veins  of  bones,  of  the  retina,  and  the  dilated  veins  of 
the  corpora  cavernosa,  have  no  proper  middle  coat,  and 
are  without  muscular  fibres  in  their  walls.  In  the 
smallest  veins  the  venous  rootlets,  or  venules^  possess 
muscular  fibres  arranged  transversely,  but  they  are  so 
scattered  as  not  to  form  a  continuous  middle  coat,  and  thus 
the  venules  present  a  marked  contrast  to  the  arterioles  (fig. 
1 42).  Banvier  indeed  considers  that  no  definite  middle  coat 
exists  in  any  of  the  veins,  and  that  they  have  only  an 
inner  and  an  outer  coat,  in  the  latter  of  which  non- 
striped  muscular  fibres,  varying  in  number  and  direction, 
may  be  present 

The  inner  coat,  or  tunica  intima^  possesses  a  layer  of 
eodotheUum  next  the  lumen  of  the  vein,  the  cells  of  which 
are  polygonal  scales,  shorter  and  broader  than  those  of 
aa  artery.  Outside  the  endothelium  is  an  extrarendothe- 
lial  layer  of  connective  tissue,  and  outside  that  again  a 
network  of  elastic  fibres,  which  does  not  possess  the  f enes- 
trated  character.  This  coat  is  not  so  thick  as  in  the  corre- 
sponding arteries.  In  the  pulmonaiy  vein  it  is  said  to 
contain  non-striped  muscular  fibres.  The  valves  of  the 
veins  are  continuous  with  the  inner  coat ;  they  are  covered 
by  a  layer  of  endothelium;  the  cells  on  the  surface  of  the 
waive,  situated  next  to  the  lumen  of  the  vein,  are,  accord- 
ing  to  Banvier,  elongated  in  a  direction  corresponding  to 
the  long  axis  of  the  vessel,  whilst  those  on  the  opposite 
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sorfMe  of  tiie  tbItb  are  eloogated  transrenely.  Beoeitk 
tiie  eiidodidnim  are  bondleB  of  coonective  tiasae  vitk 
dastic  fibres,  wliicli  are  siost  distiiiet  at  tbe  attuilied 
border  of  the  valve. 

Ydns  bare  not  the  daaticity  ci  arteries,  and  do  ^ 
pwlmti*  An  veins  wbich  have  mnaenlar  fibres  in  ihfs 
eoats  are  oontnctfle.  Yein%  like  arteriea,  posBOM  ns 
Tasorom,  and  vaso-motor  nerves  are  distribated  to  t^ 
mnscolar  tissae  in  their  walls.  Whm  a  Tcin  is  tmftj  ' 
cot  acroesy  it  does  not  gape  like  an  artery;  bat  oeSkf^ 
H.  Hoyer  has  recently  pointed  ont  that  at  the  tip  of  t^ 
digits  aome  of  the  smaQ  arterial  twigs  open  directhr  k* 
Tmona  radides,  the  conunnnicating  veaaela  bang  toitaocs 
like  a  small  gtomeraliu. 
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Ltmph-Yascttlab  System. 

The  lymph-THscolar  system  is  an  appendage  of,  and 
supplementary  to  the  blood-yascular  system,  and  consists  of 
small  tabes  or  vessels,  the  Lymphatic  Vessels,  and  of  collec- 
tions of  Ljrmphoid  or  Adenoid  Tissue,  which  form  Lym- 
phoid Organs.  It  is  sometimes  called  the  Absorbent 
System,  as  it  plays  an  important  though  not  an  exclusive 
part  in  absorbing  materials  which  have  to  be  transmitted 
to  the  blood,  but  the  blood  capillaries  themselves  are  also 
directly  concerned  in  absorption. 

LTXPHATIC  VX88ELS. 

The  hymph  Vessels,  or  Lymphatics,  are  tubes  with  deli- 
cate transparent  walls,  which  convey  the  fluid  called  lymph 
and  chyle.  They  arise,  in  the  form  of  microscopic  networks, 
in  the  connective  tissue  on  the  surface  and  in  the  substance 
of  the  parts  and  organs  of  the  body,  and  they  terminate 
by  joining  the  laige  veins  at  the  root  of  the  neck,  so  that 
their  contained  fluid  flows  into  the  blood  towards  the 
heart.  They  resemble  veins  in  having  a  course  from  peri- 
phety  to  centra ;  in  possessing  valves,  which  are  generally 
two  in  number  and  semilunar  in  shape,  and  in  being 
divided  into  tuperfickd  and  deep  lymphatic  vessels.  In 
the  limbs  and  axial  parts  of  the  body  the  supetflcial 
lymphatics  are  situated,  like  the  supetflcial  veins,  in  the 
aabcutaneous  tissue;  whilst  the  deep  lymphatics  accom- 
pany the  arteries  and  deep  veins.  But  the  internal 
▼iflcera  also  possess  a  superfldal  and  a  deep  set  of  lym- 
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opposite  the  body  of  the  first  lumbar  vertebra,  they  enter 
the  receptaculam  chyli  or  dilated  commencement  of  the 
thoracic  duct 

As  the  lacteals  ascend  in  the  mesentery  they  pass 
through  a  number  of  bodies,  about  the  size  of,  or  some- 
what larger  than,  flattened  peas,  called  the  mesenteric 
glandSf  and  as  they  unite  in  their  ascent,  they  diminish  in 
numbers  and  form  larger  vessels  than  when  they  emerged 
from  the  coats  of  the  bowel. 

Similar  vessels,  though  fewer  in  number,  arise  in  the 
mucous  membrane  of  the  large  intestine,  but  not  in  intes- 
tinal villL  They  also  ascend  to  join  the  thoracic  duct, 
and  pass  through  g]ands  similar  to  those  within  the 
mesentery. 

JHshfUnUton  of  the  Proper  Lymphatic  Vestels. 

The  Proper  Ljrmphatic  Vessels  are  situated  in  the  other 
parte  of  the  body  than  ^the  intestine  and  its  mesenteric 
folds.  By  their  junction  with  each  other  they  form  two 
lymphatic  trunks,  named  the  thoracic  duct  and  the  right 
lymphatic  duct 

The  Thoracic  Duct  commences  in  the  cavity  of  the 
abdomen  about  opposite  the  body  of  the  first  or  second 
lumbar  vertebra,  where  it  forms  a  dilatation,  the  recepta- 
culwm  chyli^  which  receives  not  only  the  lacteal  vessels, 
bat  the  lymphatics  from  the  other  abdominal  viscera,  from 
tbe  abdominal  walls,  and  from  the  lower  limbs.  The 
thoracic  duct  passes  through  the  opening  in  the  diaphragm 
which  transmits  the  aorta,  ascends  in  front  of  the  bodies 
of  the  dorsal  vertebr»,  at  first  to  the  right  of  the  aorta,  and 
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then  inclines  behind  the  arch  and  reaches  the  left  side  of 
the  oesophagosy  at  the  side  of  which  it  ascends  to  the  root 
of  the  left  side  of  the  neck.  In  its  course  in  the  thorax 
it  receives  the  deep  lymphatics  of  the  left  half  of  the  chest, 
and  at  the  root  of  the  neck  on  the  left  side  it  is  joined 
by  the  deep  and  snperfidal  lymphatics  of  the  left  upper 
limb  and  left  side  of  the  head  and  neck,  and  opens  into  the 
internal  jugular  or  the  subclavian  vein,  or  at  the  angle  of 
junction  between  them.  This  duct  conveys,  therefore,  the 
chyle  during  digestion,  and  the  lymph  contained  in  the 
Ijrmph-vessels  below  the  diaphragm  and  in  the  lymph- 
Tessels  situated  to  the  left  side  of  the  mesial  plane  in  the 
parts  of  the  body  above  the  diaphragm.  The  thoracic 
duct  contains  numbers  of  valves  in  its  course,  and  a  two- 
aegmented  valve  occurs  at  its  junction  with  the  jugular 
Tein,  which  prevents  the  blood  from  flowing  from  the  vein 
into  the  duct 

The  Right  Ltxphatio  Duot  is  much  smaller  than  the 
thoracic  duct.  It  is  situated  on  the,  right  side  of  the 
root  of  the  neck,  and  is  formed  by  the  junction  of  some  of 
the  lymph-vessels  of  the  right  half  of  the  thoracic  cavity, 
with  those  of  the  right  upper  limb  and  right  side  of  the 
head  and  neck.  It  joins  the  great  veins  at  the  angle  of 
anion  of  the  right  internal  jugular  with  the  right  subclavian, 
and  a  two-segmented  valve,  which  prevents  the  flow  of 
Uood  into  it,  is  situated  at  its  orifice. 

The  Ltkphatics  of  thb  Uppbk  Limb  are  arranged  in  a 
saperfida]  and  a  deep  set.  rThe  wperfidal  lymph-vessels 
arise  in  the  fingers  as  digital  lymphatics,  and  from  the 
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skin  of  the  back  of  the  hand  and  palm.  From  the  hud 
they  ascend  to  the  fore  ann,  and  then  nm  along  the 
upper  arm  to  the  aziUa,  where  they  enter  the  axfllarr 
glanda.  In  the  saperfidal  fascia,  immediatdy  abofc  th^ 
internal  condyle  of  the  hnmems,  one  or  two  lymphttk 
glands  are  found  in  the  course  of  the  superficial  IjDfl 
vessels. 

The  deep  lymphatics  ascend  from  the  palm  and  acoon- 
pany  the  radial,  ulnar  and  interosseous  arteries  in  the  fen 
arm.  In  the  upper  arm  they  accompany  the  bnchit' 
artery,  and  with  it  enter  the  axilla.  The  axiUary  i^- 
glands,  about  twelve  in  number,  lie  in  the  fat  of  the  sxHk 
and  to  them  the  deep  and  superficial  lymph-vese^  ^' 
the  upper  limb  proceed.  Along  the  course  of  the  ike; 
brachial  lymphatics  some  small  lymphatic  glands  i^ 
sometimes  seen.  In  addition  to  the  lymplKvesselB  of  ^ 
upper  limb,  the  axillary  glands  receive  superficial  )^- 
phatics  from  the  anterior  thoracic  wall  and  the  mc- 
mary  gland,  and  the  superficial  lymphatioa  of  the  Wi 
From  the  axillary  glands  lymph  vessels  proceed,  vii^.. 
accompany  the  subclavian  artery  and  join  on  the  k' 
side  the  thoracic  duct,  on  the  light  side  the  n^t  Ip* 
phatic  duct 

The  Lyxphatios  of  ths  Hxab  akd  Kick  an  arnacti 
in  a  superficial  and  a  deep  set  The  superfidai  lymplia^ 
of  the  face  accompany  the  facial  vein  to  the  sabmaxiliti! 
region;  whilst  the  superficial  lymphatics  of  the 
run  along  with  the  occipital  and  temporal  blood-veaacV 
the  back  and  side  of  the  neck.  Deqf  lymphatica 
pany  the  internal  maxillary  vein  from  the  deep  paxti 
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the  face ;  deep  lymphatics  proceed  from  the  pia  mater  and 
arachnoid  membrane  and  leave  the  skull  along  with  the 
internal  jngolar  vein.    In  the  neck  superficial  lymphatics 
are  placed  beneath  the  skin,  and  deep  lymphatics  proceed 
from  the  pharynx,  larynx,  tongue,  &C    The  lymphatics, 
both  of  the  head  and  neck,  converge  towards  the  region  of 
the  stemo-maatoid  muscle,  and  communicate  with  numer- 
ous cervical  lymphatic  glands  arranged  so  as  to  form  a 
chain    connected    by  interglandnlar  lymph-vessels,  and 
termed    the   glandtUcs   eoncatituUcg,      These    glands  lie 
under  cover  of  the  stemo-mastoid,  and  from  their  lower 
ends  lymph-vessels  proceed  which  join  on  the  right  side 
the  right  lymphatic  duct';  on  the  left  side  the  thoracic 
duct    Lymphatic  glands  occur  in  the  submaxillary  region, 
also  superficial  to  the  parotid  gland,  and  in  close  relation 
to  the  ocdpital  artery,  where  it  pierces  the  trapezius  to  reach 
the  back  of  the  scalp. 

The  Ltxphatics  of  the  Thorax  are  situated  in  both 
the  thoracic  walls  and  in  the  viscera.  The  iuperficial 
lymphatics  of  the  walls  pass,  as  already  stated,  into  the 
axilla,  to  enter  the  axillary  glands.  The  deep  lymphatics 
of  the  walls  accompany  the  internal  mammary  and  inter- 
costal arteries,  and  in  their  course  pass  through  lymphatic 
glands.  Thoee  which  accompany  the  internal  mammary 
arteries  are  in  connection  with  the  ttermd  or  anterior 
mediastinal  glands^  and  end  on  the  right  side  in  the  right 
lymphatic  duct,  on  the  left  side  in  the  thoracic  duct. 
Thoae  which  accompany  the  series  both  of  right  and  left 
intercostal  arteries  end  in  the  thoracic  duct 

The  Lympkaticf  cf  the  Lungs  form  a  superficial  set 
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beneath  the  pleura,  and  a  deep  set  aoconqMoying  the 
bronchos  and  the  pnlmonary  blood-Te88el&  They  pia^ 
from  the  lung  at  its  root  and  enter  the  brtmchial  ^a*^ 
which  form  a  large  cluster,  both  at  the  root  of  the  long  aiid 
in  the  angle  of  bifurcation  of  the  trachea.  From  tb' 
bronchial  glands  Ijmph-vesselB  proceed,  which  on  the  ngt* 
side  join  the  right  lymphatic  duct,  on  the  left  the  ^hxtac: 
duct. 

The  Lymphatics  of  the  Heart  accompany  the  corooii? 
blood-vessels,  and  form  at  the  base  of  the  heart  a  rip* 
and  a  left  trunk,  each  of  which  ascends  in  reUtioa  to  u^ 
trachea ;  the  right  to  end  in  the  right  lymphatic  doct,^ 
left  in  the  thoracic  duct.  In  their  course  they  pass  throc^ 
lymphatic  glands. 

The  Lymphatics  of  the  (Esophagus  are  said  to  f^ 
only  a  single  set,  situated  in  the  submucous  coit 
they  leave  the  oesophagus  and  pass  throng  lympb^ 
glands  situated  around  the  tube,  and  end  in  the  thonc 
duct. 

The  Lymphatics  of  the  Thymus  ^and  are  numefoa  = 
infancy  and  childhood,  and  have  been  traced  by  Av 
Cooper  into  the  internal  jugular  veins. 

The  Ltmphatics  of  ths  Abdomsn  are  situated  in  U- 
the  abdominal  walls  and  in  the  viscera. 

The    superficial    lymphaties   of    the   anterior  f^ 
minal  wall    descend   to   join    the    inguinal    lymfi 
glands  situated  in  the  groin  immediately  below  Puq|»>' 
ligament 

The  deep  lymphatics  of  the  wall  run  along  with  • 
internal  and  external  iliac  arteries  and  their  bnachr 
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tliey  have  numerous  iliac  lympatic  glands  connected  with 
them.  They  ascend  alongside  of  the  aorta  and  inferior 
vena  cava,  passing  through  numerous  lumbar  lymphatie 
fflanda  in  their  course,  diminish  in  number  but  increase 
in  size,  and  opposite  the  second  lumbar  vertebra  unite  to 
form  the  commencement  of  the  thoracic  duct  The  iliac  and 
lumbar  lymphatic  glands  receive  numerous  lymph-vessels 
from  the  pelvic  walls,  the  iliac  fossie,  and  the  muscles  of 
the  loins. 

The  Lymphatics  of  ike  Abdominal  Viscera  proceed  from 
the  stomach,  spleen,  pancreas,  liver,  supra-renal  capsules, 
kidneys,  bladder,  prostate  gland,  vesiculse  seminales  and 
testicles,  and  in  the  female  from  the  ovaries,  uterus,  and 
vagina. 

In  the  hollow  viscera,  as  the  stomach  and  uterus,  they 
are  arranged  in  two  sets,  a  superficial  beneath  the  serous 
coat,  a  deep  in  the  submucous  coat.  The  lymphatics  of 
the  stomach  leave  that  organ  along  with  the  blood-vessels ; 
some  join  'the  lymphatics  from  the  spleen,  others  the 
lumbar  lymphatics,  others  one  of  the  larger  lacteals  before 
it  enters  the  receptaculum  chyli.  The  lymphatics  of  the 
uterus  receive  those  from  the  ovaries  and  vagina ;  whilst 
some  accompany  the  ovarian  arteries  to  join  the  lumbar 
lymphatic  glands,  others  pass  to  the  glands  and  lymph- 
vesseb  which  accompany  the  internal  iliac  artery.  The 
lymphatics  of  the  bladder  afid  vesiculie  seminales  also  enter 
the  internal  iliac  glands  and  lymph-vessels. 

In  the  solid  viscera  the  lymphatics  are  arranged  in  two 
sets.  The  superficial  are  situated  in  relation  to  the  tunica 
propria  of  the  organ;  the  deep  accompany  the  blood- 
vessela  which  pass  into  its  substance.     The  lymphatics  of 
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the  pancreas  join  those  from  the  spleen,  snd  tlie  spleo^ 
lymphstiGS  scoompany  the  splenic  artery,  and  join  tit 
lumbar  fymphatLca.  The  lymphatics  of  the  liver  bit 
different  modes  of  termination;  those  from  the  v^ 
soiCace  eommnnicate  with  the  lymphatics  whidi  aooompv? 
the  internal  mammary  arteries;  those  from  the  od^ 
SDifaoe  j(Mn  the  commencement  of  the  thcnde  ^ 
whilst  the  deep  lymphatics  leave  the  liTer  at  tfaetuDsics 
fissure  and  join  one  of  the  larger  lacteals  before  it  of^ 
into  the  reeeptacnlum  ch^  The  lym|diaties  of  tl 
supra-renal  capsules  join  those  of  the  kidn^fs,  a»i  ^ 
renal  lymphatics  open  into  the  lumbar  chain  of  lympb:-' 
glands.  The  lymphatics  of  the  testides  ascend  skaig  ^^ 
the  spermatic  blood-Tessels,  and  enter  the  lumber  cbiB» 

The  Ltxphatiob  of  thb  Loweb  Ldcb  are  amaged  : 
a  superficial  and  a  deep  set  The  wptrficUd  lymph-Te»c' 
arise  in  the  toes,  and  on  the  dorsal  and  plantar  nx^ 
of  the  foot;  they  ascend  to  the  leg,  and  aocompsBTt^ 
internal  and  external  siqphenous  veins.  Those  whidi  ^ 
up  the  back  of  the  leg  in  part  pierce  the  popliteal  b^ 
along  with  the  external  saphenous  vein,  and  join  tbc  y^ 
popliteal  lymphatics ;  but  the  others  extend  to  the  nBC 
aide  of  the  knee,  and  ascend  along  with  the  sapcitn- 
lymphatics,  which  accompany  tfie  internal  aaphenow  ^^ 
on  the  anterior  surface  of  the  thigh  as  far  as  the  gr^^ 
where  they  enter  the  femoral  group  of  lymphatie  ^s^* 
The  superficial  glands  of  the  ^roM  are  eight  or  tts  - 
number,  and  lie  in  the  superficial  fascia.  It  is  costoci^ 
to  arrange  them  in  two  groups:  an  inferior,  lying  y^ 
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to  the  internal  saphenons  Tein,  namadi  femoral  glands,  and 
a  superior,  lying  parallel  to  and  immediately  below 
Ponpart's  ligament,  named  inguinal  glands.  The  femoral 
glands  receive  the  saperficial  lymph-yessels  which  ascend 
along  the  thigh.  The  inguinal  glands  receive  the  saper- 
ficial lymph-vessels  from  the  outside  of  the  thigh,  the 
anterior  abdominal  wall,  and  the  organs  of  generation. 
From  both  sets  of  glands  lymph-vessels  proceed  which 
|)erforate  the  fascia  lata,  at  and  near  the  saphenous  open- 
ing, and  join  the  deep  lymphatics  of  the  limb. 

The  deep  lymph-vessels  of  the  lower  limb  ascend  from 
the  sole  and  dorsum  of  the  foot,  along  with  the  anterior 
and  posterior  tibial  and  the  peroneal  arteries.  In  the 
popliteal  space  they  enter  lymphatic  glands  situated  in 
close  relation  to  the  popliteal  artery.  From  these  glands 
efferent  vessels  emerge,  and  ascend  along  with  the  femoral 
artery  to  reach  the  deep  lymphatic  glands  of  the  groin, 
where  they  are  joined  by  the  efferent  vessels  from  the 
superficial  glands.  They  then  ascend  on  the  inner  side  of 
the  femoral  vein,  through  the  crural  canal,  or  innermost 
compartment  of  the  femoral  sheath,  enter  the  abdominal 
cavity,  and  become  continuous  with  the  deep  lymph-vessels 
and  glands  which  accompany  the  external  iliac  artery. 

Structure  of  the  Lymphatic  Veueln, 

The  lymphatic  vessels  consist  of  vessels  that  can  be  seen 
with  the  naked  eye,  and  of  lymph  capillaries. 

The  Larger  Lgmphatice  have  in  many  respects  the 
stracture  of  veins,  and  like  them  possess  three  coats.  Tbi 
outer  coat  consists  of  white  fibrous  tissue,  interminglea 
with  elastic  fibres,  and  a  few  bundles  of  non  striped  mus- 
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c ;.'.;.:  :.::..  Tl.e  :j.?\;V'  coat  is  formed  of  circuUny 
;.: r.. •.  ^- .  '.  i: : :: -^:  r:i  ■•:  i  nuiscular  tibre,  intermiDgled  v.  i ti. 
t.  ,>:.;  :..?;>-  Tlit  .' .  ."-coat  consists  on  its  free  surfacr 
vi  ..  «\v-^r  ^:  t '..:.«.;: td.  d:\tteued,  endutbelial  cells,  outside 
'»'...v'.-  •>  Ti  '...y.rvf  clastic  fibres  arranged  longitadiu-illy. 
7:.-.  %..".»•.>  v!  the  lyii.phatics  are  simple  folds  of  tbe  inner 
V .  .:.  T"..:v  \>;:.^.llv  cc-nsist  uf  two  semilunar  seiznient-, 
. . .:  J  >: ".;  1 V  s'lie,  Thev  occur  much  more  frequent:'* 
:'-..:.  ;::  ::.t  \t:i;s,  an.i  as  the  wall  of  tbe  lymphatic  has  .-. 
>.  ^h:  >::.;:>  «  r  1  u'giug  oppo>ite  each  valve,  the  vtrssch 
N»h.:.  ui-ur.it-d.  has  a  l-cuied  or  Dioniliform  aj^pt-araLce. 
Thi  .h:  .  \  (",:.  '.''r,V,*  lie  between  the  tissues  of  tL- 
.s  :::  ^^hi^.•h  tLey  are  situated.     They  are  arranged  : : 

a  network  or  i^lexiicTr.: 
manner,  the  mcc^Le5  v  f 
which  are  jK»ly:r'  -ih 
The  capillary  wall  i< 
formed  of  a  sin  sit-  Uvt-: 
of  elongated,  flatttinri. 
endothelial  cells,  the 
outlines  of  whir-h  c*.... 
be  stained  on  the  ad- 
dition of  a  Si»luti'-^n  ii 
nitrate  of  silver.  Tl- 
lymph  capillaries,  whtr- 
1-4-1  yr-1  y,-  r^T\o<  ar  1  t?-tr  :vp^r!Ni-  thev  pass  into  the  Iar*::r 

I't-n-  \*h    thr   J  •  •  ;•' rr.i;   Ci>M.Mrc  of  the 
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''^^^";  lymph  -  vessels,      dhTrr 
byK.ci..   xN'J..a:u.  *    '  £j,^,^    ^he   blood   c-,i:  h- 

laries  in  possessing  indications  of  a  beaded  or  Tar:v\t* 
appeanince,  due  apparently  to  an  imperfect  valval—" 
arrans^ement  in  the  interior  of  the  tube. 
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Origin  of  the  Lymphatic  Vessels, 

The  mode  of  origin  of  the  lymphatic  vessels  is  a  difficult 
subject  of  study,  and  has  long  been  a  disputed  question 
amongst  anatomists.  In  the  intestinal  villi  they  are 
capillary  tubes,  which  come  apparently  to  a  blind  termi- 
nation near  the  free  end  of  the  villus,  though  some  ob- 
servers have  supposed  that  they  are  continuous  with  a 
minute  network  in  the  basis  substance  of  the  villus,  and 
through  it  with  the  deeper  ends  of  the  epithelial  cells 
covering  the  villus. 

In  the  skin,  the  mucous  and  submucous  tissues,  the 
tendons,  and  other  forms  of  connective  tissue,  lymph- 
capillaries  form  at  their  origin  a  compact  polygonal  network, 
which  is  apparently  continuous  with  S[iaces  in  the  connec- 
tive tissue,  situated  either  between  its  bundles  or  surround- 
ing the  connective  tissue  corpuscles.  These  spaces  have 
been  termed  the  Juice  or  plasma  canals;  they  are  not 
vesseb  in  the  proper  sense  of  the  word,  but,  as  it  were, 
microscopic  chinks  in  the  tissue.  They  communicate 
freely  with  each  other,  and  apparently  with  the  lymph 
capillaries.  It  is  an  open  question  if  these  plasma  passages 
possess  any  other  boundary  than  that  of  the  elements  of 
the  tissue  in  which  they  are  situated,  though  some 
iftbeervers  have  described  them  as  lined  by  a  layer  of 
endotheliuuL  These  plasma  passages  pronde  an  arrange- 
ment by  means  of  which  the  tissues  can  be  permeated  by 
a  nutritive  fluid  derived  from  the  liquor  sanguinis,  and 
afford  room  for  the  wandering  colourless  corpuscles  which 
have  migrated  out  of  the  blood-vessels.  T.  A.  Carter  has 
injected  from  the  blood-vessels  an  extremely  minute  net- 
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work  iu  the  tissues,  the  strands  of  which  are  not  more 
than  j.^-a  to  ^jVo'^''  "'  *■*  ^*^  '"^  diameter  ;  he  uame*  it 
the  ilUi/i/yiniiuitk  network,  and  it  is  ai>pareutly  the  juice 
liiissiigea  just  referred  to. 

Dy  Viri,lii>w  and  othera  it  has  been  thou^iit  tkat  tht 
connective  tissue  corpuscles  are  continuous  with  the  lynii'h 
cajiillai'iL'S,  and  these  also  have  been  named  juice  trials. 

In  Slime  localitius,  as  atvund  tUe  solitary  and  Ptjcta 

glands,  as  well  as  aroimd  the  glands  of  Brtinner  and  uitier 

acinous  glands,  the  lymph  capillaries  at  their  origin  huve 

not  tile  form  of  cylindrical  tubes,  but  are  dilated  into 

irregularly-shaped  ai'uces,  lined  by  an  endothelium.  Ar<>unJ 

the  arturii'S  of  the  jiia  mater,  both  external  to  and  in  ihe 

aubstiiiitc  of  the  brain  and  spinal  cord,  are  situated  lymph- 

si>ace~>^,  in  the  form  of  hollow  cylinders,  and  ternic-d  the 

}ien-M>iMiliir  caiuils  ;  and  a  similar  airangement  has  licen 

seen  around  the  small  vessels  at  the  border  of  the  cornta. 

I     th        I  end  th  1  al  t  ssue     f  the  serous  membrAim 

a  close  u  k  of  Iju  ph  ca[>dlanos  is  s  tua  vil  wh    h  a- 

-^  K  ckl  u^hansen  pointed  uo 

f^-/~\^  i^  CMi  mun  ca  e  w  th  th    stni^ 

'  '^--V  "^    'y  through   small  ojtn 

I  IV.  ngs  or  stomata   o      La    nr 

face.      Th  ae    o)  en  ngB     a. 

has  already  been  de^.    bed 

([,    140)  are  surround  >d  bv 

Ti       polygonal,  dist  nc  Iv  nu  lest 

ed  cells  «  th  granular  c  o- 

\  ^  ^  tents    wh  ch    d  ffer    in   «j 

pearance  from  the  ordioarr 

eudothehal  covering  uf  the  serous  membrane.     The  serous 
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cavities  hftve,  therefore,  been  regarded  as  great  lymph 
spaces  freely  commanicating  with  the  lymph-capillaries. 
Bat  the  fluid  which  the  serous  cavities  contain  is  not  lymph 
in  the  proper  sense  of  the  word,  but  a  thin  serum,  in  which 
a  few  lymph  corpuscles  may  be  suspended.  In  the  view  that 
the  serous  cavities  are  lymph  spaces  they  may  be  regarded 
as  affiliated  to  the  lymph-Iacun»  of  the  lower  vertebrata. 
In  the  frog,  for  example,  spaces  exist  in  the  subcutaneous 
r^on,  which  communicate  with  the  lymphatic  system,  and 
in  the  same  animal  the  aorta  and  other  large  arteries  are 
endoeed  in  perivascular  lymph  spaces. 

The  thoracic  duct  and  the  right  lymphatic  duct  are,  as 
already  described,  the  great  channels  of  communication 
between  the  lymphatics  and  the  veins,  but  other  smaller 
connections  have  also  been  described  in  the  human  body. 
Wutzer  saw  in  j>ne  subject  two  offshoots  from  the  thoracic 
dact  opening  into  the  vena  azygos.  Nuhn  has  observed 
lymph-vessels  opening  into  the  renal  veins  and  inferior 
cava ;  and  Petrel  has  seen  lymphatics  communicating  with 
the  portal  vein,  renal  veins,  and  vena  azygos.  It  is  possible 
that  these  smaller  communications  may  enlarge  and  serve 
as  important  channels  for  the  flow  of  lymph  and  chyle  into 
the  blood,  in  cases  where  the  thoracic  duct  has  become 
obliterated  by  pressure  from  an  aneurism  of  the  thoracic 
aorta. 

It  maybe  stated,  that  in  amphibians,  reptiles,  and  some 
birds,  pulsating  vesicles,  with  muscular  walls,  named 
lymphaite  hearts,  occur  in  connection  with  the  termination 
of  the  lymph-vessels  in  the  venous  system,  and,  by  their 
contraction,  drive  the  lymph  into  the  veins.  No  lymph 
hearts  have,  however,  been  found  in  the  nuunmaUap 
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TwD  »tt3  of  cajiillary  vc'^sela  occur  in  ihe  tissues  ii  il 
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the  unemployed  part  of  that  pabulum  back  to  the 
central  part  of  the  circulatory  apparatus.  Under  some 
pathological  conditions^  the  blood  serum  traasudes  in  such 
quantities  into  the  tissues  that  it  cannot  be  conveyed  away 
by  the  drainage  system,  so  that  it  occasions  an  oedema,  or 
a  dropsical  accumulation  in  the  part 
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In  many  parts  of  the  body  round,  colourless  cells,  resem- 
bling the  corpuscles  of  lymph,  or  the  white  corpuscles  of 
the  blood,  are  either  infiltrated  into  the  meshes  of  the  con- 
nective tissue,  or  are  collected  into  masses  visible  to  the 
naked  eye.  These  may  appropriately  be  called  Lymphoid 
Organs.  Not  unfrequently  these  organs  are  situated  as 
node-like  swellings  in  the  course  of  the  lymphatic  vessels, 
and  are  invested  by  definite  capsules,  when  they  are  known 
as  Lymphatic  Glands.  At  other  times  they  are  not  separated 
from  the  surrounding  connective  tissue  by  a  definite 
capsule,  and  apparently  are  not  situated  in  the  direct 
course  of  lymphatic  vessels,  though  a  network  of  lymph- 
capillaries  may  lie  around  them,  when  they  are  termed 
Lymph  FoilicUs, 
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pheiy  of  the  follicles.  Frey  has  described  the  bases  of 
these  follicles  as  invested  by  a  system  of  spaces  or  pas- 
sages, continuous  with  and  capable  of  being  injected  from 
the  lymphatic  system.  It  is  possible  that  these  spaces 
communicate  with  the  meshwork  of  the  retiform  tissue  of 
the  follicle,  but  the  communication  has  not  been  definitely 
ascertained.  There  can  be  no  doubt,  however,  that  the 
lymph  follicles  are  appendages  of  the  lymph-vascular 
system,  and  are  the  seats  of  production  of  Ijrmph  corpuscles. 
Nothing  is  known  of  the  arrangement  of  the  nerves  in 
relation  to  the  lymph-follieles. 

LymphaJtie  Glands, 

The  Lymphatic  Qlands  are  nodal  swellings  occurring  in 
the  course  of  the  lymphatic  vessels.  They  are  abundantly 
distributed  throughout  the  body,  and  are  found  in  clusters 
ID  the  groin,  axilla,  neck,  chest,  abdomen,  drc,  as  has 
been  described  in  the  section  on  the  distribution  of  the 
lymphatic  vessels.  They  often  are  arranged  as  a  chain  of 
glands  connected  together  by  intervening  lymph  vessels. 
They  are  round  or  oval  in  shape,  and  vary  in  size  from  a 
small  shot  to  a  kidney  bean.  It  is  not  uncommon  for  the 
glands  to  enlarge  and  for  adjacent  glands  to  become  fused 
together.  Each  gland  receives  at  one  end  several  lymphatic 
vessels  called  vasa  qferentta^  and  from  it  lymphatic  vessels, 
called  ffcua  efferentia^  emerge;  which  in  their  onward 
course  may  become  afferent  vessels  for  glands  situated 
higher  in  the  course  of  the  lymphatic  vessels  (fig.  150). 
Where  the  efferent  vessels  pass  out  of  a  gland  a  depression 
on  its  surface,  named  the  hiluM,  is  often  seen. 


il  tissue  ill  the  centre  of  a  lymph  foil iclo  h.is  J 
itsbwiirk  than  at  the  jieriphery,  where  the  reti- 
i  more  comjiai^t  and  ofteu  simulates  the  aiij'O^- 
ivestini:  rapsiile.  When  a  numlier  of  fiillii'.ej 
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ecti'il  togfther  by  iuteriiiediate  retifurm  ti>jue 
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T.ymiiLatic  vissok  have  a  close  relation  to  the  lyii:;^ 
folliilis.  Ill  the  sulitiiry  and  Teyer's  glands  of  the  iutesiw, 
wlLeie  tlitir  urriLiLji'inent  has  been  chiefly  studied,  a  nc:- 
wi>ik  of  lyiiijih  <.a[iillaries  has  beeo  seen  around  the  pin- 
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phery  of  the  follicles.  Frey  has  described  the  bases  of 
these  follicles  as  invested  by  a  system  of  spaces  or  pas- 
sages, coutinuoas  with  and  capable  of  being  injected  frum 
the  lymphatic  system.  It  is  possible  that  these  spaces 
communicate  with  the  meshwork  of  the  retifonn  tissue  of 
the  follicle,  bat  the  communication  has  not  been  definitely 
ascertained.  There  can  be  no  doubt,  however,  that  the 
lymph  follicles  are  appendages  of  the  lymph-vascular 
system,  and  are  the  seats  of  production  of  Ijrmph  corpuscles. 
Nothing  is  known  of  the  arrangement  of  tlie  nerves  in 
relation  to  the  lymph-follicles. 

Lymphatic  Glands, 

The  Lymphatic  Qlands  are  nodal  swellings  occurring  in 
the  course  of  the  lymphatic  vessels.  They  are  abundantly 
distributed  throughout  the  body,  and  are  found  in  clusters 
in  the  groin,  axilla,  neck,  chest,  abdomen,  drc,  as  has 
been  described  in  the  section  on  the  distribution  of  the 
lymphatic  vessels.  They  often  are  arranged  as  a  chain  of 
glands  connected  together  by  intervening  lymph  vessels. 
They  are  round  or  oval  in  shape,  and  vary  in  size  from  a 
small  shot  to  a  kidney  bean.  It  is  not  uncommon  for  the 
glands  to  enlarge  and  for  adjacent  glands  to  become  fused 
together.  Each  gland  receives  at  one  end  several  lymphatic 
vessels  called  vata  afferentia,  and  from  it  lymphatic  vessels, 
called  vasa  effereiUia^  emerge;  which  in  their  onward 
course  may  become  afiferent  vessels  for  glands  situated 
higher  in  the  course  of  the  lymphatic  vessels  (fig.  150). 
Where  the  efferent  vessels  pass  out  of  a  gland  a  depression 
OD  its  surface,  named  the  hUuM,  is  often  seen. 
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which  divides  the  cortex  into  a  number  of  compartments  or 

alveoli.     Those  alveoU  contain  rounded  nodules,  consisticf 

of  the  proper  glandular  or  follicular  tissue  of  the  lymphitit 

gland,  which  is  arranged  therefore  as  a  number  of  foUicies- 

called  the  follicles  of  the  cortes.     As  the  trabcculte  do  nc* 

form  [lerfect  pailitiona  between  adjacent  follicles,  the  tissm 

of  one  follicle  is  to  some  extent  continuous  with  that  of  thow 

which  lie  around  it.    These  folliclea  are  formed  of  lymphi'iJ 

tissue,  resembling  in  structure  the  lymphoid  follicles  alre^Jv 
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described,  and  the  meshes  of  the  reticnlom  are  crowded 
with  lymph  corptudw.  Sntroanding  each  of  the  follicles, 
and  bounded  by  the  trabecnlte,  is  a  space  traversed  by  a 
reticnlnm  of  the  retifoim  connective  tieene,  the  stellate 


Fio.  in SBBl-dteK 


Bitlc  Ttav  or  tbeVtnetue  Dt  th 


cells  of  which  are  eontinnouB  on  the  one  hand  with  the 
retiform  tissue  of  the  follicle,  and  on  the  other  with  the  tra- 
becnlar  framework  lA  the  cortex.  Thisspece  contains  lymph 
corpiucke,  which  are  easily  washed  out,  and  it  obviously 
resembles  the  lymph  spaces  or  passages  which  invest  the 
bases  of  the  follicles  of  a  Peyer's  patch.  It  commnnicatea 
with  tlie  vasa  afferentia,  from  which  it  can  be  injected. 
Owing  to  the  continuity  between  the  tissue  of  at^'acent 
(ullide*,  their  surrounding  lymph  spaces  are  also  continnooa 
with  eAch  other,  and  form  an  amistomosing  set  of  lymph 
pAssagos  within  the  cortex  of  the  gland. 

The   mtdtUlarjf  part  of  the  lymphatic  gland  is  also 


traverstd  by  a  tnibecuiar  framework  continuous  nilli  iliit 
(if  tlie  curti'X.  The  trabedes  are  arranged  in  a  cvlinilriEi'rni 
iii;miLer,  and  enclose  alveoli,  which  contain  IjTn]ib  follicle* 
tli:»t  jKissfSK  a  cylindrical  form.  Here  also,  as  in  ili^' 
ciirtcx,  tbe  lymphoid  tissue  of  the  follicles  within  adjacent 
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tinaous  with  the  endothelium,  of  the  vasa  afferentia  and 
efferentia. 

Through  the  researches  of  His,  Frey,  and  Beckling- 
haosen,  it  has  now  therefore  been  established  that  a  lym- 
phatic gland  ia  permeated  by  an  anastomosing  system  of 
lymph  passages  or  channels,  continuoos  with  the  afferent 
and  efferent  vessels.  These  channels  surround  the  folli- 
cular masses  of  lymphoid  tissue,  and  as  the  stream  of 
lymph  flows  through  the  gland,  it  washes  lymph  cor- 
puscles out  of  the  meshes  of  this  lymphoid  tissue,  which 
corpuscles  mingle  with  the  lymph  stream  and  are  carried 
onwards  in  its  flow.  The  lymphatic  glands  are  the  seats 
of  production  of  lymph  corpuscles,  and  are  the  great  centres 
of  origin  therefore  of  the  white  corpuscles  of  the  blood. 

Each  lymphatic  gland  receives  at  least  one  small  artery, 
which  enters  at  the   hilus,  and  breaks  up  into  branches 
that  in  part  ramify  in  the  capsule  and  trabecular  frame- 
work, and  in  part  pass  directly  to  the  follicular  tissue. 
Capillaries  are  distributed  in  the  follicular  Ussue  in  which 
they  form  a  plexus;  they  supply  the  pabulum  for  the 
natrition  and  production  of  the  Ijrmph  corpuscles :  veins 
arise  from  this  plexus  and  pass  out  of  the  gland  at  the  hilus. 
In  many  lymphatic  glands  a  quantity  of  fibrous  con- 
nective   tissue,    named    by     His    the    k%lu9-itromaf  is 
sitaated  at  the  hilus,  and  surrounds  the  artery,  vein,  and 
vasa  efferentia.      It  also  not   unfrequently  contains  a 
coUection  of  fat  cells.    Yaso-motor  nerves  accompany  the 
blood-vessels  into  the  gland,  and  supply  not  only  their 
mnacnlar  coat,  but  the  muscular  tissue  of  the  capsule  and 
tiabeeulcL    Nerve-cells  have  also  been  described  on  these 
serves  by  some  observers. 
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THE  SFLEEN. 


wbich  implies  that  all  these  oi^ans  possess  a  special  relation 
to  the  blood-Tascular  system. 


THE  BPLKKIT. 


The  Spleen  is  the  brgost  of  the  dactleea  glands.  It  lies 
in  the  coetol  zone  of  the  abdomen,  and  is  so  deeply  placed 
in  the  left  hypochondrinm  that,  when  the  abdomen  is 
o|)ened,  it  is  not  seen  until  the  stomach  is  drawn  on  one 
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Bide,    for  it  is  situated  between  the  diaphragm  and  the 
ptMterior  sarfaoe  of  the  stomach.    It  lies  obliqnely  from 
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The  great  increase  which  not  onfrequently  takes  place 
in  the  bulk  of  the  spleen,  leads  to  an  extension  of  its 
relations  to  surroonding  parts ;  and  in  these  caseQ  it  may 
be  seen  appearing  at  the  side  of  the  great  curvature  of  the 
stomachi  or  even  projecting,  obliquely  downwards  and  for- 
wards, into  the  lumbar  or  umbilical  regions  of  the  abdo- 
men. Occasionally  also  portions  of  spleen  substance  are 
detached,  and  form  accessory  spleenSy  situated  in  the  great 
ocaentum,  or  in  the  gastro^plenic  omentum.  More  rarely 
the  spleen  is  divided  into  a  number  of  perfectly  distinct 
lubes ;  a  condition  which  is  normally  found  in  some  animals, 
as  the  pilot  whale. 

Structure, — ^The  spleen  is  a  solid  organ  of  a  bluish-purple 
colour,  and  so  soft  in  its  texture  that  it  is  easily  ruptured 
and  torn.     It  possesses  two  coats, — a  serous  and  a  fibrous. 

The  serous  or  external  root  is  a  part  of  the  peritoneal 
membrane.  It  invests  the  spleen,  and  is  reflected  from 
it  to  the  diaphragm  as  the  suspensory  ligament,  and  to 
the  stomach  as  the  gastro-splenic  omentum. 

The  fibrous  cocU,  or  tunica  propria,  is  immediately  sub- 
jicent  and  intimately  um'ted  to  the  serous  coat.  It  is 
composed  of  white  fibrous  tissue  with  elastic  fibres ;  in 
many  animals,  as  the  ox  and  dog,  it  contains  a  large  pro- 
portion of  non-striped  muscular  tissue,  but  in  man  the  mus- 
calarity  is  only  feeble.  At  the  hilus  it  passes  into  the  in- 
terior of  the  spleen  along  with  the  vessels  and  nerves,  for 
which  it  forms  sheaths.  From  the  whole  extent  of  the 
inner  surface  of  the  tunica  propria  processes  pass  into 
the  substance  of  the  spleen,  which  interlace  freely  with 
each  other  so  as  to  form  a  network,  the  trabecular 
/ramework  of    the   spleen.     The  individual    beams,   or 
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trabecles  uf  this  f  amewo  k  possess  a  t  m  lar  HIt^- 
elast  c  a  d  n  u  cular  structu  e  to  that  of  the  fihixrus 
coat  Tl  e  bl  od  vessels  ram  fj  in  tlie  n  enor  of  tLr 
&1  leen  u  clo  e  relat  o  to  the  trabecles.  The  u  crra',- 
bet  «  th  t  ab  cles  are  irregular  n  form  aud  siit-. 
and  ae  oecu]  cl  1}  a  eoft  re<idu<h  subetauce,  tie 
/J  I  //  If  a  s  ct  n  be  made  through  the  ['letu. 
a  d  a  curr  t  of  fta  er  be  d  rected  on  the  surface  'f  ttt 
B  ctio  the  splee  pulp  is  eas  ly  nashed  out  of  the-e  inter- 
I  an  1  the  trabecular  framenork  la  left 
n  e  jn  at  on  of  the  mure  m  nute  struct  re  uf  tfcs 
1}  d  fficulties  I  ore  esj'ecidiJy 
as  rei^rda  tl  e  m  ide  f  tet- 
n  f      the      \-\vv.:^ 

artery  the  comn  encemtct 
of  the  ve  d  and  the  relaiii.n 
of  the  s]  len  c  blood  ressc-- 
to  the  8[  een  pulj  Wbiii 
the  i-ulp  s  exam  d  niicp- 
ecoj  calij  it  IS  '«;fn  1" 
c  ta  n  fine  bl  -od  tK^l.-. 
I  hero  ial  bod  a  called  tte 
Mali  f,h  an  coq  u 
n  e  ou3  cells  i 
ret  culum  of  connectiw 
t  sue  By  one  set  of  li- 
servers  as  W  MuUer  MJ 
Frey,  It  IS  believed  that  tk 
blood  in  passing  from  ib^ 
lie  veJQ  flowa  into  channrb. 


i  delicu:^ 


epleiiic  artery  into  the  apli 
wliich 


continuous  tubular  walls,  so  that  it  c< 
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into  direct  relatioD  with  the  cella  and  reticalnm  of  the 
■pleen  pulp,  Bj  other  obeervem  again,  a>  Billroth  and 
Kolliker,  it  ie  held  that  the  continuity  of  the  Taacular  w&ll 
from  the  splenic  arterjr  to  the  splenic  vein  is  preBerred,  and 
that  the  reticulum  and  pulp-cells  lie  outaide  the  wall  of 
the  blood-TeoBels. 

The  following  deecription,  though  agreeing  in  its  main 
features  with  the  descriptions  of  W.  Miillet  and  Frey,  is 
chiefly  based  on  my  own  obeerrations  on  the  stracture  of 
the  human  epleen  and  that  of  the  rat 

The  reticnlnm  of  the  splt^n  pnlp  has  been  named  the  m- 
UmueiUar  netwri:  it  is  situated  in  the  intervals  between 
the  ttabecles,  and  conaista  of  a  retiform  connective  tissue, 
■nch  as  makes  up  the  fnunework  of  a  lymph  follicle.  The 
atrands  of  this  framework  are  composed  of  stellate  and 
nucleated  connective  tissue  cells,  the  proceeaes  of  which 
anastomoee  with  each  other,  but  fusiform  cells  are  inter- 
mingled with  them.  The  interstices  between  these 
stellate  cells  are  occupied  by 
lymphoid  and  other  colourleas 
corpuscles,  and  by  red  blood  cor- 
puBclM,  and  intervene  between 
the  capillary  terminations  of  the 
■rterias  and  the  commencement  of 
the  veins,  so  that  they  ore  channels 
for  the  blood  to  flow  through. 
Tbey  constitnte  a  special  modifi- 
cation of  tha  eircnlatoty  appara- 
Coi,  and  are  a  sort  of  cavernous 
rate  mirabile,  not  enclosed  within  an  endothelial  wall, 
and  the  stellate  cells  themselves  form  a  supporting  frame- 
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work  for  the  blood-corpiiscles  and  the  lymphoid  coq>ii5c!e- 
of  the  s[)leen  pulp.  The  colourless  lymphoid  cor|>UM'lc> 
have  distinct  nuclei,  relatively  large  to  the  size  of  the  cell>, 
and  with  them  are  a  few  cells,  also  with  distinct  nuclei, 
but  with  a  larger  proportion  of  protoplasm,  and  somewb  it 
polygonal  in  shape.  In  addition  to  the  red  hlood  cor- 
puscles possessing  the  normal  appearance,  shrivelled  rtd 
cor[)usclos  and  pigment  granules  are  also  seen,  togeiher 
with  large  cells  containing  several  red  coq^uscles  or 
pigment  granules.  Frey  supposes  that  these  large  ct-IN 
arc  colourless  corpuscles,  which  have  taken  into  thtir 
interior  either  entire  red  corpuscles,  or  portions  of  thvir 
substance,  which  present  the  appearance  of  clumps  i-f 
yclhnv  pigment.  Owing  to  the  elasticity  of  the  fibrou^^ 
coat  and  trabecles  of  the  spleen,  and  the  free  communi- 
cation of  the  blood-vessels  with  these  interstices,  they  at 
times  become  engorged  with  blood  :  if  the  splenic  arter}* 
be  artificially  injected,  they  are  easily  distended  by  tl-j 
injection. 

The  splenic  artery  is  the  largest  branch  of  the  c<elia-' 
axis,  and  is  large  in  relation  to  the  size  of  the  spleen.  It 
divides  into  five  or  six  branches  before  entering  the  hilus. 
After  it  lias  passed  into  the  spleen  it  continues  to  divide 
and  subdivide,  branching  dichotomously,  without  any 
anastomoses  between  its  branches.  When  traced  down 
to  its  finest  ramifications  it  breaks  up  into  clusters  vi 
branches  or  pvuirillij  which  are  usually  compared  in  their 
arrangement  to  the  hairs  of  a  paint  brush,  though  Frty 
regards  them  as  more  like  the  branches  of  a  willow  trtri 
deprived  of  its  leaves.  The  branches  of  the  artery  are 
enclosed  in  a  sheath  continuous   at    the   hilus  with  the 
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Gbroiu  coat  of  the  spleeo.  An  important  mBtamorphoeiH 
takes  place  in  the  Btructuie  both  of  the  iheath,  and  of  the 
tanica  adveatitia  of  the  smallar  branches  of  the  arter}-, 
which  lose  their  fibro-elastic  character,  and  become  trsiin- 
formed  into  lymphoid  tissoe. 


In  many  localities  this  lymphoid  tissue  increases  so 
tnuch  in  amount,  aa  to  form  minnte  spheroidal  or  elliptical 
bodies — the  tpleeit-/ollicle* — just  visible  to  the  naked  eye, 
snd  loDg  known  as  the  Malpi^hian  bodies  or  eorputdet. 
Each  of  these  bodies  ia  therefore  developed  in  relation  to 
the  wall  of  an  artery.  When  the  development  takes 
[ilace  aroond  the  entire  circumference  of  the  wall,  the 
MaJpighian  body  is  penetrated  by  the  artery,  which  seems 
to  form  therefore  its  pedancle  or  stalk;  the  passage  of 
the  minute  arteries  into  and  through  the  Malpighian  bodies 
waa  first  pointed  out  by  W.  K.  Sanders ;  when  the  forma- 
tion of  the  Malpighian  body  is  limited  to  one  aspect 
only  of  the  wall  of  the  arteiy,  then  it  is  sessile  on  the 
vesseL     At  one  time  it  was  thought  that  each  Malpighian 
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l«,ov  ;v>>>r^s<>i  a  defnite  capsule  which  scj«arated  it  from 
the  sujT  •ui.iir.j  sj^Ieen  pulp,  but  it  is  now  known  that 
tie  a:  iriraLce  «.•:  a  capsule  is  due  to  only  a  greater 
cvii-iTv  ^:  the  f»cn;henil  layers  of  the  lymphoid  tissue, 
of  v^'i:  L  the  Ma4:_:hian  b>iy  is  comj>osed.  The  meshes 
cf  :hv  lynij  huid  tissue  of  the  Malpighian  body  are 
i:.f/.ir..:cJ  \^;:h  cx'.ourlei;^  lymph  cells.  Bu^k  and  Hoilev 
^L<  vsvi  tLa:  the  retif.jrm  tissue  which  forms  the  sQpji»rtirig 
ir^nuwi^rk  cf  ihcse  lymph  cells  is  continuous  with  the 
rctir^nn  lisv-ue  of  the  pulp.  Capillaries  are  distributed 
within  the  MJijighian  Kxiies,  which  may  arise  either 
fr  n;  tie  arttrics  that  y»enetrate  them,  or  may  enter  them 
ir  :n  w::h^ut. 

T1.V   u.:Lljrv  terminations  of  the  finest   branches  oi 
the  s:  Ivi.ie  artery,  U'th  in  the  Malpighian  Kniiesand  in  the 
surr.  ui.Ll.:  ?pkeu  pulp,  do  not  end  directly  in  veins,  bet. 
accvr.;::.^  to  W.  Muller  and  Frey,  ojK?n  into  the  intersticts 
cf  the  iLtcrvascuhr  network  already  described.     The  wdli 
of  the-  oavillary.  it  is  said,  k^es  its  tubular  form,  and  iti 
eiidc  thvlium  l-cComes  continuous  with  the  stellate  cells  vtf 
the  retir.'rm  connective  tissue  of  the  pulp.     Schweigi^er- 
Scidvl  ai.d  W.  Muller  state,  that  whilst  some  of  the  cav-i- 
Liri-s    po^.-vss   simple   walls,  others  have  distinct  sheaths. 
coii.-i^tinj;   of  a  delicate  connective  tissue  with  round  t»r 
elonij:3tcd   nuclei,  and  Frey  has  j>ointed  out,  that  as  this 
sheath    apj -roaches  the   arterioles,    it   assumes   the    char- 
acters oi  lym[>hoid  tissue. 

If  the  splenic  artery  be  carefully  injected,  the  iojecti^'fl 
passes  out  of  the  capillaries,  and  forms  an  anastomosing 
stellate  network,  situated  between  the  colourless  corpuscles 
of  the  spleen  p'llp.     At  first  sight  it  apj>ears  as  if  the 
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itelkte  corpnacleB  of  the  reticulom  bad  been  filled  with 
injection,  so  doeely  does  the  injected  network  Teeemble  in 
fonn  the  intervoscular  network  of  ateUate  cells  (fig.  165) ; 
bnt  it  is  more  probable  th&t  the  reticulum  merely  gaidea 
the  conrae  of  the  injection,  which  lies  outside  the  stellate 
cells,  and  not  within  them  (fig.  157).  The  ii^ected  stellate 
network  is  well  marked  in  the  peripheral  part  of  the  Mal- 
pi^ian  bodies,  and  is  continued  into  their  interior,  so  that 
the  network  within  the  MalpigbJan  bod;  is  continuous 
with  that  in  the  snrronnding  spleen  pulp. 

The  veins  of  the  spleen  do  not  arise  directly  from 
capillaries,  bnt  from  the  interstices  of  the  interrascular 
network.  The  Tenons  radiclea  are  arranged  as  a  close 
plexus,  and  possess  simple  walls,  formed  apparently  of 
only  a  single  layer  of  fusiform  endothelial  cells,  so  that 
they  were  named  by  Bill- 
roth capillary  vein*. 
Where  they  come  into 
relation  with  the  inter- 
vasculor  network,  it  is 
said  that  the  continuity  of 
their  walls  is  interrupted, 
their  endothelial  cells  are 
separated  from  each  other. 


>  the 
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of  the  letiform  connective 

tissue,    and    their    lumen 

com  tnnni  rates     with      the 

interstices  of  that  network. 

From  the  plexus  of   capillary  veins  the   proper   tubular 

veins  arise,  which  join  together  to  form  larger  trunks, 


lymphoU  corpucLao' Ui«  qiLvOL  ^p- 


:li  5:  !r-:z  s:  tie  hilos,  aljcg  wi:h  the 
:_r  ?;  ii.:.  _r:-. ry.  I:  sern*>  n^»w  to  have 
Ir-  :!_:  :1c  :1  -.-i  <.f  the  :»|»itruic  artt^ry 
.  ;  _::::?:  I  i:  r-rf  -^  i:  cni'.rs  the  vciii>, 
::--". r^xf  :lr  iiirrr^ri.-ei.  of  the  intervj.*- 
:  :i:  ril-.eii  t"-^P«  ^^  ^hich  iL.tcrbticei> 
'-.L-i  .,11^  i^^  situ^iteJ.  which  cell?  are 
".  ••-I  ^::-.  ii_,  i'^i  are  cuvevei  into  the 
:L  .:  :l.i  f.  !;-:r.  ;>iil;»  serves  as  a  centre 
--  .:  -vl^.t-j  "Ll_i  cor^u-clus,  auJ  the 
•  ..:.  -  l:--:ls  a  lar_.<rr  j-r  •; '.^ni-jii  tf 
>/.>  :]..;•-:  :!.;:  <.-f    the    ^^Ijaic  artcrv. 


.  «k. 
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^  ...  h  ^  -:  -  -L  :L:-   h.',:.:.:r.  :L..:  while  in  the  Litter  the 

-:..."_:  V.  h..h  r.  •  <  thr.  .uh   the   cr_:..u   and    collects  thr 

:.  ■  h    ..:v->.h.^    i^    !y-„.^  h,  :::   th::   fjrL.er  oriT'.a    it    is 

Thr  h.'^.- h  .:. .<  l:  the  -:  h:en  K-rm  a  sui-ertcial  and  a 
\.'  >,t.  Tl-;.  ?:::£Th:i^  lv:nvh.i:ics  were  in'ected  Iv 
.vhx.  M.:.r\  ^-  '  -,  and  l\rm  in  the  ox's  spletn  i 
:  .:  :k  «.:  1  .r^e  v,^-/.>  with  distinct  valves.  l^xr^;- 
";.:.•  h..ti>.  v.:.:::-u.:>  with  the  sut  erncial  set,  ramify  in 
the  tr:h.:.:i.ir  r'lv.tn.w.rk.  According  to  Touisa,  dctf 
!y::/h-iths  ;i::vii:v.ny  the  aneries,  and  probably  i<.TZi 
:..t^^^^k^  ar.uni  the  3L.lv :«hian  corpuschjs.  It  has  ah-j 
'.  jii  sunni-td  that  rhcv  arise  from  the  Ivmrhoid  tisstit 
in  the  cc-at  oi  the  >iinh.!er  arteries. 

Nt-rve-  Ir.in  the  ^:»lar  plexus  accompany  the  spIeiJ. 
art^-rv  and  its  LraLclies  throiuhout  tlie  sub>tance  of  :h^ 
s].lecn.  Gan«'li<  u  clIIs  Lave  been  descriWd  on  the>. 
iJtrrves. 
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THYICXTB  OLAND. 

The  Thymus  Oland  is   found   in  all  animals  which 
breathe  by  lungs,  though  it  has  no  physiological  con- 
nection with  them.      It  is  a  fawn-coloured,    lobulated 
body,  situated  in  the  upper  part  of  the  thorax,  and  in  the 
lower  part  of  the  neck  of  infants  and  children.     It  lies 
for  the  most  part  in  the  anterior  mediastinum,  but  is  pro- 
longed upwards  into  the  neck  in  close  relation  to  the 
trachea  as  far  as  the  lateral  lobes  of  the  thyroid  body. 
Its  thoracic  part  is  immediately  behind  the  sternum,  and 
in  front  of  the  pericardium,  the  left  innominate  vein,  the 
aortic  arch,  and  its  three  large  branches.     The  thymus 
consists  of  two  lateral  lobes,  somewhat  triangular  iu  form, 
but  of  unequal  size.     The  broader  part  of  each  lobe  lies 
in  the  thorax,  and  the  narrower  end  forms  the  cervical 
prolongation.     The  two  lobes  are  closely  attached  to  each 
other  by  intermediate  connective  tissue,  so  that  at  first 
aight  they  seem  to  constitute  a  single  organ.     The  gland 
reaches  its  maximum  size  about  the  end  of  the  second 
year;  after  which  it  remains  stationary  for  some  years. 
About  the  eighth  year  it  begins  to  undergo  fatty  degenera- 
tion, and  at  the  time  of  puberty  it  forms  two  *  elongated 
lobes  of  fatty  tissue,  situated  in  the  anterior  mediastinum, 
in  which  condition  it  is  found  during  the  rest  of  life. 
In  rare  cases  the  thymus  may  retain  its  proper  structure 
until  after  puberty ;  1  have  seen  it  in  the  adult  harte- 
hemt  and  nylghau  preserving  its  normal  structure. 

Sirudnre, — Each  lobe  of  the  thymus  gland  is  invested 
by  a  capsule  of  connective  tissue,  which  is  prolonged 
into  the  substance  of  the  lobe  and  divides  it  into  lobules. 
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71  r  I/.ul:>  ^rr  arranrcd  as  if  grouped  around  an  axia 
^'irjl-T  :^.<:rd  sic^i,  in  which  the  vascular  trunks  of 
:^.e  ^1:-lI  ir^  s:::!^:^!-  Bv  some  observers  the  stem  is 
I'zl.iT-.  1  :  ce  L-'/.^wrd  out  into  a  ^^jitral  <y.i)"ii.  The 
1  ":  ;L!r^  ^r;  5:ill  funler  sucdivided  into  numtfn:>us  thi'L-^t'S 
-  /  *.  E-.,.h  tL\-i::ii5  follicle  is  formed  of  lymphoid 
:-^c^ur  l.  rTx^T*. niing  in  strucrure  to   the  lymph  follicles 

^Ir^j.  :v  di>::.:-:i   -i-.    o47).      The   thvmus  follicle:5.  mav 

•  -  •  •  • 

c::l^r  '-e  s-::ori:cU  irLiLi'each  other  by  distinct  cij«sules : 
.:  :hc  ::.f.".:ri.::.n  of  Ivmi^h  a.'n»uscles  into  the  meshes 
vf  the  c  L. ::-::! ve  tissue  mav  be  so  ffreat  that  adiacent 
:  lliJts  ;*;. :  rir  t^-  L^ve  run  together.  B.niies  presenting  a 
c  '^cxiitrlc  ^:  y-:,;r^r*ce,  the  'T-ri-rvitrh'  Av/y-'/.^Vrje  of  HassalL 
:Cso  cv:ur.  ^u:!.  in  the  later  stages  of  growth,  cells  con 
t3.:L:::i:  ill  drv r^s,  ^hich  mark  the  cummencin^^  fattT 
d:gvr.tr.i::,::  cf  the  gland,  are  also  present.  The  lobules 
kI  the  t::vr.:;:s  fre\::uentlT  contain  a  space  in  the  centre, 
wi.ich  s. ::.o  cl^Svrvers  regard  as  normally  present,  though 
tthcrs  Cv;::sider  it  to  Vte  produced  artincially  by  the  break- 
ing ccwn    of    the    lyu.phoid  tissue    of  the   centre  of  t}» 


The  tLMi.iis  gland  receives  its  supply  of  bUxKi  from 
the  thvniic  brar.clits  of  the  internal  mammarr,  and  frv»m 
the  suj-erivr  and  inferior  thyTv>id  arteries.  They  pass  to 
the  stem  of  each  lube,  and  send  off  lateral  branches  to  the 
lobules,  which  end  in  a  capillary  network  within  the 
thymus  fuUioles.  The  veins  which  arise  from  the  capil- 
laries, pass  out  of  the  lobes  to  end  in  the  internal 
mammary  and  innominate  veins. 

Lymphatics  are  situated  in  the  connective  tissue  between 
the  lobules  and  follicles,  but  their  relation  to  the  Ivmpbdd 
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tiflsae  of  the  f  ollides  has  not  been  traced.  They  leave  the 
thymus  along  with  the  blood-Teasela,  and  join  the  lym- 
phatic glands  in  the  anterior  mediastinum.  Fine  nerves 
pass  to  the  thymus  along  with  the  arteries^  and  o&ets 
ol  the  cardiac  plexus  are  said  to  enter  it 

The  lymphoid  tiBsue  of  the  thymus  gland  may  senre  as 
the  centre  of  production  of  the  large  lymphoid  intra- 
thoracic tumours,  sometimes  developed  in  the  anterior 
mediastinum. 

TUyJtOn)  GLAND. 

The  Thyroid  Oland,  or  Thyroid  Body,  is  a  very  vascular 
organ,  of  a  reddish-brown  colour,  situated  in  the  anterior 
part  of  the  neck,  in  dose  relation  to  the  sides  and  front 
of  the  windpipe.  It  consists  of  two  lateral  lobes  united 
together  by  an  intermediate  median  lobe  or  isthmus.  Each 
lateral  lobe  is  about  two  inches  long,  one  inch  wide,  and 
three-quarters  of  an  inch  in  thicknesa  The  lateral  lobe 
lies  in  dose  relation  to  the  side  of  the  thyroid  and  cricoid 
cartilages,  and  extends  as  far  down  as  the  fifth  or  sixth 
ring  of  the  trachea;  and  it  is  connected  to  the  laryngeal 
and  tracheal  cartilages  by  areolar  tissue.  The  tnedian 
lobe  or  iiihmtu  varies  in  its  vertical  diameter  from  ^  to  ^ 
inch ;  it  passes  transversely  across  the  front  of  the  trachea 
opposite  its  third  and  fourth  rings,  and  connects  together 
the  lower  ends  of  the  two  lateral  lobes. 

The  thyroid  gland  is  covered  by  the  stemo-hyoid,  steroo- 
thyrmd,  and  omo-hyoid  musdes,  and  its  posterior  border 
oomes  into  relation  with  the  conmion  carotid  artery. 

Occasionally,  though    Luschka    says    in  every  third 


r  .■•  o 
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person,  a  prolougatioa  of  the  gland,  named  the  p^;rarH>-. 
jiscends  from  the  upper  border  of  the  isthmus,  in  front  v. 
the  cricoid  and  thynjid  cartihiges,  as  far  even  as  the  hvoi. 
hone.  A  muscle,  called  hvutor  (jiandnhv  th;/r'»i'h'r.  ^ 
often  >een  passing  from  the  pyramid,  or  the  adjacent  pa:: 
of  the  gliuid,  to  the  hyoid  bone.  The  gland  is  noriuar.} 
biiTirer  in  women  than  in  men.  It  often  undergoes  « 
pathological  enlargement,  named  bronchocele  or  goitrt. 
In  many  mammals,  as  the  camel,  alpaca,  nylghau,  barti- 
Itce.^t,  dog,  warthog,  porcupine,  and  kangaroo,  the  isihmi.^ 
is  wanting,  and  the  two  lateral  lobes  are  quite  dL^o»'L- 
neetid  ;  whilst  in  the  feline  carnivora  the  isthmus  is  ven 
.small  in  relation  to  the  size  of  the  lateral  lobes. 

Sfrnctitrr. — The   thyroid  gland  is  closely  invested  by  i 
thin  cai)sule    of   connective  tissue,  and  is  not  dividrti  intc 
ditinite  lubules,  capable  of  separation  from  each    other. 
When  sections  are  made  into  its  substance  it  is  seen  to  I;«e 
made   \\\)  of    numbers  of    closed  vesicles,  separated   fr^n. 
each    other   bv  intermediate  connective    tissue,  which   ii 
continuiuis  with  the  investing  caj^sule.     These  vesicles  are 
ju>t  vi.sible  to  the  naked  eye,  and  are  spherical  or  ovoid  ir 
form  (tiir.  loS).     Each  vesicle  is  said  to  be  bounded  bv  i 
dt'lieate  hvaloid  membrane,  lined  on  its  inner  surface  bv  :& 
single  layer  of  somewhat  cubical  epithelial  cells  ;  but  PtTt- 
mesehko  thinks  that  no  hyaloid  membrane  is  present,  ari 
that  the  cells  rest  directly  on  the  surrounding  connective 
ti^^lle.     The  voieles  contain  a  translucent,  viscous  flui 
which  coauulates  by  the  action  of  heat,  alcohol,  or   nirr^r 
acid.     The  enlargement  of  the  gland  in  goitre  is  due  to  ^ 
distensimi  of   the  vesicles,  and    an  accumulation  of  tt*- 
glairy  colloid  fluid  in  their  interior. 
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The  thyroid  gland  ie  abuDdantly  supplied  with  blood  by 
the  niperior  and  iaferior  thyroid  arteries,  which  freely 
aoutomoae  with  each  other  in  its  subetance.  Occasionally 
an  edditional  artery,  the  arteria  thynidea  ima,  a  branch 
of  the  innominate  arlwry,  ascends  to  the  thyroid  gland  in 
front  of  the  trachea.     The  cspilkrles,  in  which  the  arteries 

terminate,  form  a  compact  polygonal  network  in  the  coo- 

nectiTe  tisane  immediately 

anrronnding     the      closed 

vesicles.     The  veins  which 

proceed  from  the  capillary 

network  form  plexuses  at 

the  surface   of   the  gland, 

and  give  rise  to  the  sape- 

rior,  middle,  and  inferior 

thyroid    veins.       Lymph- 

vessels  arise  in  the  connec- 
tive   tisane    between    the 

cloeed  vesicles  and  by  anas- 

tomoeis  form  larger  vessels, 

vhich  leave  the  gland  at  its  snrface,  where  they  form  a  dense 

network.    The  serves  form  a  superior  and  an  inferior 

tbyroid    plexna,    wliidi   accompany    the   coiresponding 

arteries.    They  arise  from  the  middle  and  inferior  cervical 

gsnglia  of  the  sympathetic,  and  have  nerve  celb  inter- 
spersed in  their  course. 


'la.lta  SKUoittirsagh  tholntMtte 
Thjrold  vlud  of  a  lion,  toahowiho 
gUnd  THldc*  tat  Uio  Inlcrrfalcnlu' 
CDBBecUn  UmoM.    4,  tb«  epllbell* 
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SUPRA-RENAL  CAPSULES. 

The  Supra-renal  Capsules  or  Glands,  or  Adrenals,  are 
two  bodies  situated  in  the  cavity  of  the  abdomen,  one 
in  relation  to  the  upper  end  of  each  kidney.  Each  gland 
lies  at  about  the  level  of  the  twelth  dorsal  vertebra,  and 
is  in  contact  with  the  fleshy  part  of  the  crus  of  the  dia- 
phragm by  its  posterior  surface.  In  front  of  the  right  gland 
is  the  liver ;  in  front  of  the  left  gland  are  the  pancreas 
and  spleen.  Each  gland  has  been  compared  in  shaj>e  to  a 
cocked  hat,  and  the  lower  concave  surface  fits  on  the 
upper  end  of  the  kidney,  to  which  it  is  attached  by 
areolar  tissue.  A  fissure,  named  the  kilns,  which  trans- 
mits the  supra-renal  vein,  exists  in  the  anterior  surface- 
Each  gland  measures  on  the  average  about  11  inch  in  its 
vertical  diameter,  1  inch  in  its  transverse,  and  J  inch  in 
thickness.  Relatively  to  the  size  of  the  entire  body,  the^t 
glands  are  somewhat  larger  in  new^-boru  children  Xjir^ 
in  adults. 

Structure. — The  supra-renal  gland  is  invested  by  a  thia 
capsule  of  connective  tissue ;  it  sends  processes  into  Hi 
interior  of  the  gland,  w^hich  form  a  trabecular  arrange- 
ment, in  the  meshes  of  which  cells  are  situated.  If  ti. 
gland  be  cut  across,  it  is  seen  to  be  divided  into  an  exter- 
nal, firm  cortical  part,  of  a  yellow  colour ;  and  a  ccntril, 
soft,  medullary  part,  of  a  deep  brown  colour. 

The  coHical  part  consists  of  cells  imbedded  in  a  tra- 
becular framework  of  connective  tissue,  and  is  described  I  j 
Julius  Arnold  as  if  arranged  in  three  zones.  The  outer 
layer,  or  zona  glomerulosa,  is  thin,  and  its  connecti^ 
tissue  surrounds  roundish  spaces  or  alveoli,  occupied  bj 
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groups  of  roaodish  or  ovoid  nucleated  cells.  The  middle 
layer,  or  umafoicicuUUa,  is  relatiyolj  thick,  and  its  connec- 
tive tissue  is  arranged  in  longitudinal  meshes,  peipendicnlar 
to  the  surface  of  the  gland ;  the  spaces  or  alveoli  of  tho 
meshwork  are  elongated,  and  occupied  by  groups  of  poly- 
hedral cells,  arranged^in  parallel  columns,  so  that  this  layer 
presents  a  striated  appearance.  The  inner  layer,  or  zona 
r€tieutari$^  is  thin,  and  its  connective  tissue  forms  a  small 
meshed  network  occupied  by  groups  of  polyhedral  cells.  The 
cells  of  the  several  layers  of  the  cortex  are  distinctly  nu- 
cleated ;  the  protoplasm  is  coarsely  granular,  and  in  those 
of  the  inner  layer  contains  pigment  granules ;  sometimes 
delicate  protoplasm  processes  jut  out  from  the  periphery  of 
the  cells.  In  all  the  layers  the  spaces  of  the  meshwork, 
occupied  by  the  groups  of  cells,  are  traversed  by  a  very  fine 
reticulum  of  connective  tissue,  which  separates  the  indi- 
Tidual  ceUs  in  each  group  from  each  other. 

The  medullary  part  is  so  soft  as  to  be  easily  broken 
down.  It  is  separated  from  the^  cortical  part  by  connective 
tissue,  and  is  traversed  by  a  trabecuhir  stroma  of  connec- 
tive tissue,  which  forms  a  network,  in  the  meshes  of  which 
the  medulla  cells  are  lodged.  These  cells  are  polyhedral  in 
fonn,  with  a  clear  nucleus,  and  finely  granular  protoplasm, 
free  from  fat  and  pigment.  Delicate  processes  not  nn- 
frequently  jut  out  from  the  periphery  of  the  cells,  and 
give  them  a  stellate  form.  Henle  showed  that  they  are 
atained  deep  brown  by  chromic  acid,  or  bichromate  of 
potash,  which  is  not  the  case  with  the  cortical  cells. 

The  supra-renal  glands  are  supplied  with  blood  by  the 
capsular  branches  of  the  aorta,  and  by  the  capsular 
bcBBches  of  the  phrenic  and  renal  arteries.     They  pierce 


.1-  r  1.:^  -.  --  -„  -.  ill  ti-i  iz.  i  rj.T  ll'_LrT  plexos,  wLicb 
^_~-:'.i  -1   n  ■_: :   ~."-^j -:*i.\ir  friZ-e^:rk  of  connective 


•-i  ""i 


l:   ^r  tie  cc'cnective 


A 


-- .      _:    Ti    ^   -^   -   r^^-j-       ^Ij-i.Ii  states   that    thev 

:     1-    :   :..    -..- . -l..^--:.  li  L   i   lue   Zrr^ork  in  the  zona 

-    .  .-•  -  -:i    :  -1-  iiriLl.,     I^  iji-r  zir-iulliry  part  tLe 

--  .'  -.1   iT-i-::?.  1.  £  j^zi ill^r  Trius  srhajT  from 

—  :  >  -  :  :  .  :~:  :lf  ?- ■  n  r=:iil  ^1115.  lat  their  distn- 
.  :\  ~  _:  ■:  I.  .-  r  :  iT  ~-«^^  Nz~rc>  ir>?  vervatun-iantlv 
■  ^-~  '    *:  1  -    :i:  J  .1  i     t1;-  iT?  ifr>^i  frv-m  the  renal. 

.  -  :-  17  1  3 1"-;'-.  :lix->r:?  c:  the  sympathetic,  and 
:~.i.  •:.  -:-.-:.  »- i  :  - -:Lzi.,ri-strlc  iierres  ;  so  abundant 
v^f    :'i-       ■•':••_    :1 1:    r*frr^  1:1:1   and    Lus«:hka  consider 

.;  ^1  -  :  '  r  n.re  i:i:izij.:c>  a5Sv--c:ated  with  tbe 
1  r-  -  f --■.:..  :li-  -vi:l  ult  :  the  s.ther organic  sv^teme^ 
Ti-7  Ti  :^:  *:v:!i  tie  ::x-:.r^  -li  meviullanr  p«arts  of  the 

^r  "  i- i  i-'^t  :.irrf  ^^  I5  ->v<.  .:iitcd  with  them.  Sm^H 
i;"::.i.  1  1  ::^>  -7  -_'  ri-r^;ij.l  j:  Ian  is  ar«  sometimes  seen. 
Tir  : :_  :  ._  .:  :lr  suirs-r^nal  ^'inis  is  not  fxillvasctr- 
: yjz i- i.  A  :  ir. :  15  : . rrf lj.:i .  z  : etweri:  p ith .lojicai  chanris 
:z  :l:ir  '•:L-:s  ^ni  a  tr  nird  hue  cf  the  skin,  acco22- 
V  m  ei  ':  V  •mi-!:i:'.-n  -ni  d-.lilitv,  has  t^een  pointed  out  It 
A:i:>  7.. 
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PTTtnTABT  OLAND. 

'  The  Pituitary  Qland,  or  HypophysiB  cerebri,  ia  a  small 
body,  about  the  size  of  a  pea,  situated  in  the  pituitary 
fossa  in  the  upper  surface  of  the  body  of  the  sphenoid 
bone.  It  is  attached  to  the  base  of  the  brain  by  the 
fonnel-ahaped  process,  or  infuwiibulum.  It  is  divided 
ioto  two  lobes,  an  anterior  and  a  posterior.  The  anterior 
is  the  larger,  is  invested  by  a  capsule,  and  is  divided  by  a 
framework  of  connective  tissue  into  a  number  of  small 
alveoli,  which  are  occupied  by  groups  of  polygonal  cells 
arranged  in  the  form  of  columns.  Blood-vessels  pass  into 
the  connective  tissue  framework,  in  which  is  found  a 
capillary  plexus.  The  posterior  lobe  possesses  a  frame- 
work of  connective  tissue,  intermingled  with  varicose  nerve 
fibres,  and  small  cells,  some  of  which  are  polygonal,  others 
fosifonn.  A  plexus  of  capillaries  lies  in  its  connective 
tissue  stroma.  The  anterior  lobe  corresponds  in  its  type 
of  structure  with  the  supra-renal  capsules,  whilst  the  pos- 
terior lobe  is  an  appendage  of  the  brain. 

The  pituitary  body  is  larger  in  proportion  in  the  foetus 
than  in  the  adult,  and  the  cavity  of  the  third  ventricle  is 
prolonged  into  it  through  the  infundibulum.  Though  it6 
function  has  not  been  ascertained,  it  is  found  throughout 
the  vertebrata  at  the  base  of  the  brain. 
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The  Pineal  Qland,  Conartum,  or  Epiphpia  cere^ » 
a  reddish  body,  shaped  somewhat  like  a  miniite  fir  a-' 
which  is  endoeed  within  the  Telum  inteipositanicitbe:- 
mater.    It  lies  on  the  anterior  pair  of  the  ooipon  (p^' 
gemina  of  the  cerebrom,  under  cover  of  the  postenor  c- 
of  the  corpus  callosnm.     Attached  to  its  anterior  s^-' 
are  two  white  bands  of  nerve  fibres,  which  pso  ^0^"^ 
on  the  inner  sides  of  the  optic  thalamic  and  aiens::- 
the  peduncles  of  the  pineal  gland.    It  is  jDjeM  bji^f 
sule,  and  is  divided  by  an  internal  f ramewoik  of  cootf^ 
tissue  into  small  alveoli,  which  contain  roandiab  Ijn-r 
cells,   spindle-shaped  cells,  and   multipolar  cdk    ^- 
stroma  contains  a  network  of   capillary  Uood-nesst?  ^ 
medullated  nerve  fibres.    The  multipolar  ceDs  ait  s^ 
than  the  lymphoid  and  spindle-like  cells,  and  are  b^" 
by  some  obsenrers  to  be  nervoua.      It  is  often  bou*^ 
out  into  one  or  two  cavities,  which  contain  not  oc-J  - 
inspissated  fluid,  but  amylaceous  and  gritty  cab>*f 
particles,  termed  brain  sand.    It  is  develc^  ^  ^^ 
to  the  upper  part  of  the  third  ventricle,  and  is  F^' 
throughout  the  vertebrata.    Its  function  is  unbiovB> 
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DSTELOFMEMT  OF  THE  YaSCUIJUI  SySTIOL 

Th«  Taaenkr  •jstem  is  formed  in  ikt  middle  or  mesoblast  layer 
of  the  germinil  membrane  of  the  early  embrya 

The  Blood-wamU  first  appear  in  that  part  of  the  mesoblast  which 
forms  the  yasenlar  area.  The  cells  of  the  mesoblast  lose  their 
original  spherical  form  and  become  stellate,  the  processes  of  adjacent 
cells  nnite  together  ,and  form  a  network,  and  the  nadei  rapidly 
increase  in  nnmbers.  The  peripheral  part  of  the  protoplasm  oif 
the  stellate  cells  differentiates  into  a  wall  of  nucleated  protoplasm, 
and  foims  the  wall  of  the  primary  embryonic  blood-yessel,  the 
central  part  of  the  protoplasm  liqnefies  and  forms  Tscnoles  in  the 
cells,  snd  the  nuclei  in  this  liquefied  protoplasm  become  the  blood- 
corpnsdes.  If  the  vessel  remains  as  a  capillary,  its  wall  assames 
merely  the  character  of  a  single  layer  of  endothelial  cells.  If  it 
becomes  an  artery  or  a  vein,  the  mesoblast  cells,  lying  immediately 
external  to  the  primary  blood-tabe,  apply  themselres  to  the  exterior 
of  its  wall,  and  differentiate  into  the  mnscular  and  elastic  coats 
and  the  tunica  adyentitia.  A  similar  mode  of  development  of  the 
Uood-yessels  apparently  takes  place  within  the  body  of  the  embryo 
itseUl  The  formation  of  blood-vessels  in  the  healing  of  wounds, 
and  in  some  pathological  processes,  is  also  from  the  ceUs  of  the  part 
in  which  the  blood-yessels  arise. 

The  L}fmph^^oe9ieU  also  arise  in  a  manner  closely  resembling  the 
origin  of  blood  yessels.  The  cells  of  the  part  branch  and  anasto- 
moee  with  each  other.  According  to  Klein,  vacuoles  appear  in 
these  oeUs,  so  ss  to  form  a  cavity,  and  the  vacuoles  of  adjacent 
cells  in  time  communicate  with  each  other,  and  form  an  anasto- 
mosing series  of  lymph  capillaries.  The  nucleated  protoplasmic 
wall  of  the  cells  forms  the  nucleated  endothelial  wall  of  the  capil- 
lisdries^  and  from  this  wall  portions  of  the  protoplssm  may  separate 
olf  into  the  lymph-tube  and  form  lymph  corpuscles. 

The  Heaert  begins  to  form  in  the  body  of  the  early  embryo  at  the 
same  time  that  the  blood-vessels  appear  in  the  vascular  area.  It  is 
placed  at  the  cephalic  end  of  the  embryo^  dose  to  the  cephalic  fold 
of  the  amnion,  and  arises  in  thesplanchno-pleure  layer  of  the  meso- 
blast.  It  is  at  first  attached  to  the  primitive  phaiynx  by  a  delicate 
snembranous  fold.  It  has  been  customary  to  regard  it  as  de- 
weloped  out  of  a  solid  mass  of  cells,  the  central  part  of  which  mass 
liquefies  to  form  blood  and  blood  corpuscles,  whilst  the  peripherd 
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71--:  .  i-T-rs;  I.  .:  tl-  ■:-.»..•.?:'  >-  ,*ri.-V  into  two  Ttnrr::I«  is 
i_r  t:  tie  f  r^n-it::-  .:  &  z-u.>.:il^  setttim  in  the  T\ftitr::«lAr 
'l^:..'.kt.  I:  i;  •.T-LTi  it  a"«: -t  tie  *irth  w€ek  in  the  h-njjx  hf^n. 
iii  jT.-?  r'r.r-  ti^  i:--i;  t:  tir  :A?e  0:  tie  Yeatricle-  The  at*-i  vf 
ti-r  TTL:r:  >  tirn  ':t.  'nits  tir  ar^x  of  the  hriit,  and  a  grcore,  --z 
ti-:  ii.:^r:.r  ani  tvsicrlrr  5urfa.or5  cl  the  vcatricular  pirt  of  tie 
Lrirt,  n-rki  ti-r  |--.>i:::n  cf  the  two  borviers  of  the  sept:Lia.  Tie 
Viv:  >A  tie  s-rittLii:^  and  tiv  lisra  of  the  ventricles,  are  din^ted  to 
th';  aurl:lc5  aui  the  orif.  les  of  the  great  arteries.  The  srftiiai  is 
corn[lfctc  alout  the  eighth  week,  and  the  two  Tcntrides  then  tens 
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'  two  diatinct  cbamben.    In  iHre  caaet  the  derelopment  of  the  aep- 

.torn  stops  short  before  its  base  is  finished,  end  then  the  two  Ten- 

•tricles  haye  a  permanent  direct  oommnnieation  with  each  other. 

This  malformation  of  the  hnman  heart  corresponds  with  the  normal 

constmction  of  the  heart  in  the  Chelonia  and  Scaly  Reptiles. 

The  primUive  auricle  is  larger  in  size  than  the  primitire  Tentricle? 
and,  before  its  division  takca  plsoe,  two  ponch-like  projections,  the 
right  and  left  aorionlar  appendages,  appear  on  its  waUs.     The 
conversion  of  the  primitiTe  auricle  into  two  anricles  is  due  to  th 
formation  of  a  septiim  in  the  anricnlar  chamber.    This  septnm 
H^peaiB  aboot  the  eighth  or  ninth  week,  and  not  nntil  the  yentri- 
cnlar  septum  is  completed.    It  springs  as  a  muscular  septum  from 
the  anterior  and  upper  wall  of  the  auricle  and  the  base  of  the  yen* 
tiieolar  septum,  and  grows  into  the  auricuhff  chamber,  in  the 
direction  of  the  mouths  of  the  great  veins.    About  the  end  of  the 
sixth  month  the  septum  has  grown  so  much  that  the  anterior  parts 
of  the  two  auricles  are  separated  from  each  other,  but  they  freely 
communicate  posteriurly,  and  the  great  veins  open  therefore  into  the 
common  cavity.  These  veins  are  now  three  in  number,  and  constitute 
the  inferior  vena  cava,  the  right  superior  cava,  and  the  left  superior 
cava,  the  last  of  which  subsequently  becomes  modified  into  the 
coronary  sinus.    A  cresoentic  memlvanous  fold,  which  grows  to- 
wards Uie  upper  end  lower  boundaries  of  the  auricle,  then  arises 
from  the  left  waU  of  the  inferior  cava.   At  the  same  time  it  projects 
into  the  auricular  ehamber,  and  approximates  to  the  muscular  part 
of  the  septum,  but  between  the  two  a  hiatus,  called  the  foramen 
ovale,  exists,  during  the  whole  of  intra-nterine  life.    With  the 
C^wth  of  the  membranous  part  of  the  septum,  the  orifice  of  the 
inferior  vena  cava,  which  at  first  opened  towards  the  left  half  of 
the  auricular  chamber,  is  directed  into  the  right  auricle ;  but  up  to 
the  birth  of  the  child  the  blood  of  the  inferior  cava  flows  through 
the  foramen  ovale  into  the  left  auride.    Some  days  after  the  child 
IB  bom,  the  number  of  which  varies  in  diflerent  instances,  the 
/bffamen  ovale  doses  up  by  the  union  of  the  anterior  and  posterior 
parts  of  the  auricular  septum,  and  the  two  aurides  are  then  com- 
pletdy  separated  from  each  other.    In  some  cases  the  dosnre  of 
^he  foramen  is  not  complete,  and  a  small  valvular  opening  remains 
in  the  septum  throu^^ut  life  ;  more  rarely  the  opening  is  large, 
And  allows  of  a  mixture  of  the  blood  ctf  the  two  sides  of  the  heart. 
fYom  the  right  wall  of  the  inferior  cava,  a  membranous  fold,  the 
^ueiatkiam  eo/M,  arises,  which  grows  to  the  border  of  the  anterior 
psvt  of  the  auriculsr  septnm^  where  it  forms  the  annulus  oralis,  or 
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udttf  in  which  the  lower  jaw  is  developed,  and  the  2nd,  8rd,  and  4th 
pairs  are  in  the  ooiresponding  Tisoeral  arches.  The  let,  2nd,  and 
8rd  pain  spring  from  the  rentral  aortic  roots  ;  the  4th  pair  from 
that  part  of  the  tnmcns  eommnnis  which  subsequently  becomes 
the  ascending  aorta,  and  the  6th  pair  from  the  part  of  the  tmncns 
oonunnnis  which  becomes^the  trunk  of  the  pulmonary  artery.  All 
^r9  pairs  of  arterial  arches  join  the  primitive  dorsal  aortn,  and 
form,  at  their  junction  with  it,  the  dorial  acrtie  roots.  The  primi- 
tive dorsal  aorta  is  at  first  two  distinct  vessels  lying  parallel  and 
close  to  each  other  ;  they  subsequently  coalesce  in  the  dorsal  and 
lumbar  regions  of  the  embryo,  and  form  the  descending  thoracic 
and  abdominal  portions  of  the  aorta,  which  is  thus,  as  was  demon- 
strated by  Allen  Thomson,  a  secondary  vessel  formed  by  the  fusion 
of  two  originally  distinct  arteries.  Two  or  three  cases  have  been 
seen  in  which  the  fusion  between  the  two  primitive  vessels  has  not 
been  completed,  and  the  aorta  has  been  divided  into  two  canals  by 
a  longitudinal  septum.  The  descending  thoracic  and  abdominal 
part  of  the  aorta  have  numerous  branches  developed  in  connection 
with  them,  which  supply  the  parietes  of  the  thorax  and  abdomen, 
the  pelvis,  and  the  lower  limbs.  But  further,  two  arteries  are  de- 
vdoped  in  the  wall  of  the  allantois,  which  become  continuous  through 
the  iliac  arteries  with  the  abdominal  aorta.  During  the  later  period 
of  embryonic  life  they  attain  a  laige  size,  convey  the  blood  to  the 
placenta,  and  are  named  the  hypogastric  or  umbilical  arteries. 

The  vascular  arches  in  the  early  human  embryo  have  a  general 
resemblance  to  the  arrangement  of  the  branchial  arteries  in  the  gills 
of  fish  and  amphibia,  but  in  man  and  the  higher  vertebrates  gills 
are  not  formed  in  connection  with  them.  In  reptiles,  birds,  and 
animals  they  have  a  similar  arrangement  to  what  has  just  been 
described  in  the  human  embryo.  In  man,  and  all  the  higher 
vertebrates,  the  vascular  arches  undeigo  a  metamorphosis  as  the  de- 
velopment of  the  embryo  advances.  Some  of  the  arches,  as  the  1st 
and  2d,  atrophy  and  disappear,  whilst  others  undeigo  a  great  in- 
crease in  size,  and  give  rise  to  those  arteries  which  sre  known  in 
human  anatomy  as  the  arch  of  the  aorta,  the  right  and  left  pulmonary 
arteries  and  ductus  arteriosus,  the  innominate  artery,  the  conmion» 
internal,  and  external  carotid  arteries,  and  the  subclavian  arteries. 
•  In  man,  and  all  the  other  mammalia,  the  4th  left  arch,  and  the 
pert  of  the  dorsal  aortic  root  which  connects  the  4th  and  6th  left 
arches,  nndeigo  a  great  increase  in  size,  in  correspondence  with  the 
gfi>wth  of  the  embryo^  snd  forms  the  transverse  part  of  the  arch  of 
the  aorta,  which  arches  above  the  root  of  the  left  lung,  and  oonsti- 
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Ths  tnmk  of  tlie  pahnoouy  trter;  a  the  other  divimon  of  ths 
tniDCiu  comnmnu  arterionu.  It  it  contiiinaiu  with  the  Sth  pair 
of  vucnUr  •rchea.  Of  th«M  th«  Sth  right  arch  atrophies,  and  di«- 
appean  at  an  early  period  of  embtTonJe  life.  The  fith  left  arrh 
again  increaiei  in  size,  fomu  the  duetut  arterioitti,  or  Botalitn 
dnct,  and  eonTe]ra  the  blood  directly  from  the  tmnk  of  the  pal- 
mooiry  artery  into  the  aorta,  iamediately  beyond  the  origin  of  the 
Inft  ■DbclaTiu  artery.  From  the  Sth  le^  arch  two  collateral  twigs 
ariae,  the  one  of  which  pusee  to  the  root  of  the  right  Inng,  the  other 
to  that  of  the  left  lung,  and  form  the  right  and  left  tKanchea  of 
the  pulmonary  artery.  Alter  the  birth  of  the  child,  when  respira- 
tiou  by  the  Innga  oommencea,  the  dnctna  arteriouu  b^ini  to  cloee, 
and  in  the  eecond  or  third  week  hu  ebriTelled  up  into  a  fibnma 
cord  ;  the  right  and  left  polmonatj  arteriea  also  increaae  in  size, 
■o  as  to  convey  all  the  blood  of  the  right  or  palmonic  aide  of  the 
heart  into  the  Inngs. 

In  birds  and  reptile),  the  right  pulmonary  artery  is  dereloped  from 
the  tight  Sth  vascular  arch,  and  the  left  pulmonary  artery  from  the 
]*-ft  Sth  rascnlar  arch,!  lo  that  in  these  antmale  there  are  two 
[Cotalian  dncta  daring  fntal  life,  and  in  aoTne  families  of  reptiles 
tbeae  are  found  even  in  the  adult 

In  bird«  the  arch  of  the  aorta  is  de- 
veloped &om   the  4th  right  Taacnlar 

arch  and  right  doml  aortic  root,  and 

archea  above  the  right  bronchus,  ae  that 

the  aorta  in  this  elae*  i*  a  right  aorta. 

Sometime*  in  the  haman  body  the  arch 

of  the  aorta  follows  the  avian  and  not    i 

the  mammal  inn  type  of  development,   'j 

and  a  right  and  n< 

In  reptilea,  again,  both  4th  raacniar 
Archea,  with  the  oorreeponding  part*  of 
the  donal  aortic  roots,  peniit,  so  thai 
tli«  aorta  ia  a  double  aorta,  an  arch 
czi«ting  both  on  the  right  and  left 
■idea.  A  few  cases  have  been  seen  in  "fai^^l^™ 
mui  ia  whieh  the  aorta  poweeaed  this  itie  uru.  uii 
rrptflianai 


But  the  Taacnlar  arehea  and  aortle    ««•««  ionii  tnOt  roou. 
root*    Biay  audorgo  other  metamorphoses  than  thoae  above    de- 
•cribad,  which  may  lead  to  the  prodnetioii  of  other  n 
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daTian  Telna.  The  conjoined  right  jognlar  and  labdayian  rmns 
form  the  right  innomiiiate  vein.  A  trmMceru  eommunicating  vein 
is  developed,  which  conneots  the  right  innominate  with  the  oon- 
joined  left  jugular  and  eubclaviany  and  fonns  the  left  innominate 
rein.  The  two  innominate  veins  are  oontinuons  below  with  the  right 
dnct  of  Cavier,  which  has  nndeigone  a  commensurate  enlargement, 
and  forms  the  right  or  persistent  superior  vena  cava.  The  left  duct 
of  Cuvier  does  not  undergo  a  commensurate  increase  in  size,  but 
almost  entirely  disappears,  except  at  its  lower  end,  which  forms 
the  coronary  sinus,  and  opens  into  the  right  auricle.  Traces  of  the 
vessel,  however,  as  was  pointed  out  by  Marshall,  exist  in  a  small 
▼ein,  which  passes  obliquely  from  this  sinus  along  the  wall  of  the 
left  auricle,  and  in  the  vestigial  fold  of  the  pericardium. 

The  upper  end  of  the  right  cardinal  vein  becomes  the  part  of  the 
vena  azygos  which  joins  the  superior  cava.  The  upper  end  of  the 
left  cardinal  vein  becomes  the  left  superior  intercostal  vein,  which 
usually  joins  the  left  innominate  vein.  The  lower  ends  of  the  car- 
dinal veins,  as  already  stated,  form  the  internal  iliac  veins.  The 
intermediate  portions  of  the  cardinal  veins  are  said  to  atrophy,  and 
their  place  is  tsken  by  two  posterior  vertebral  veins,  which  receive 
the  intercostal  veins,  and  form  the  left  azygos  vein,  and  the  lower 
part  of  the  right  azygos,  which  afterwards  become  continuous  with 
the  upper  ead  of  the  azygos  developed  firom  the  right  cardinal 
▼ein. 

In  binls,  and  in  somp  mammals,  the  left  duct  of  Cuvier  persists, 
and  forms  a  left  superior  cava.  A  few  cases  have  also  been  seen  in 
man  in  which  the  left  duct  of  Cuvier  had  not  atrophied,  and  a 
ri^t  and  a  left  superior  vena  cava  opened  into  the  right  auricle ; 
in  these  cases,  the  transverse  oommunicatiog,  or  left  innominate 
vein,  was  either  altogether  absent  or  only  feebly  developed. 

Whilst  these  changes  are  going  on  in  the  heart,  and  in  the 
arrangement  of  the  great  veesels,  the  position  of  the  heart  is  also 
altered.  With  the  formation  and  elongation  of  the  neck,  the  heart 
is  further  removed  from  the  head,  in  close  proximity  to  which  it 
bad  first  appeared,  and  becomes  enclosed,  by  the  development  of 
tiie  ribs  and  sternum,  in  the  thoracic  cavity.  The  carotid  arteries 
0jid  jnguhur  veins  at  the  same  time  become  greatly  elongated.  As 
tJie  pnenmogsstric  nerves,  which  supply  branches  to  the  heart, 
«£eompany  these  vessels,  they  become  elongated  likewise.  In  the 
early  embryo  each  pneumogastric  gives  off  its  recurrent  laryngesl 
saerre  opposite  the  fifth  vascular  arch,  around  which  the  nerve 
tiuua  in  its  asoeut  to  the  larynx.    When  the  fifth  right  arch  oom- 
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■.r^,  the  nerve  then  turns  around  the  first  part  of  th* 
-":.". ^T.\::.  rvl,i,h  rvrre-^nts  the  4:h  richt  arch.      As  the  fifth   Irf: 
r  -.   L  -^r-T.   :Tr?:s:.>  th^:'!2:^hout  life  as  the  obliterat^^l  dacnu 
-:'r':   -C-.  :'..-  >:':  r^rurr-mt  nerve  blends  imm'-diatelT  below  it  !■<»- 
-T  i:  J.-  ci :«  \^:.:z  i  thv  transverse  part  of  the  arch  of  the  a'.rta. 
« '  v:lj  ::  -h-  •  -  jT^-ssive  chnn^s  which  take  place  in  the   hr-srt 
i::i^  ::-   :  r::  i*:  r..   th-  circulati'-n  of  the  blood  thD3u^h  it  is 
Tr^.vir'.y  n.  :  h  rr.  -iir.e^l  in  the  oonrse  of  its  development.     When 
"r.-  ':.    .rt  i?  :r.  :t.-  rr.n.itive  «ta^  of  sin^rle  cavities,  the  bioci  licw, 
r ::::  :'„'•  vei*.:-  -l:.::-.■i.«iv^■lv  into  the  auricle,  ventricle,  and  truncui 
r^.'-UL.'  ir-.-nsu--,  a^  a  sing'e  stream.      But  when  the  ventricle 
^   l:v:  .-.  i  il:'-  f.v.^    ;.\rji^ers,   each  C'>mmunicatirii^  with  a  distmri 
r'-.ry.   \  ::v-  :  f:  rii  ::.'    iivijijn  of  the  truncus  communis,  then  the 
".  c  i  i?  i:v.  •-  1  :l:  these  pans  of  the  heart  and  CT^-at  vessels  ir.tr* 
re-   -::■:. i:„5-     A?  the    livi^icn  of  the  auricle  into  two  chmibrr? 
.ik—  T  "...■    .\:  Ti  h.t-  r  T-fric-i  thiin  that  of  the  ventricle,  the  sul^ivi- 
.  r.    :  th-   ':  :      I  int'.-  t^vo  streams  d'^es  not  take  place  so  earlr  fn 
hi:    .iv::y.     1:.  :h'  h\trr  stag-s  of  intra-uterine  life,  when  the  Irft 
lit  ■  :"  Lv.vi-r  h.is  utr::  hied,  the  suj-erior  and  inferior  venje  «^Ty 
.uv    :^.'-  .::.-  i  th-i:  r  r  :-  rti-nal  size,  and  the  auricular  seprum  h^s 
'     ::  -    hv-l  :-  1,  th  r.jh  with  the  foramen  ovale  patent,  the  cir- 
;.'.  ':  r.  ■  !  th-  ''  h-^  1  thr>:r.3  the  heart  is  as  follows  : — 
Th-  v.  'r^'i  •  :"  th-r  :n>-r:r.r  cava,  which  consists  not  only  of  the  im- 
1^  Ih  ;  1  :r  m  the  intra-diaphra^Tnatic  parts  of  thr  br-iv. 
r  ':  h-  l  -::  thr  umbili'^al  vein  from  the  placenta,  flows  iii&> 
.;:::>.   hut  is  at  once  directed  bv  the  Eustachian  valve 
h    :"  r  •.!'„-  n  ':v.\h-  into  the  left  auricle.     It  then  flows  inzo 
v-i.tr:  '.e  .ir.vi  the  as<>nding  and  transverse  parts  of  the 
n.  "vrhich  it  [Tincifially  ]>roceetis  through  the  carotid  ami 
11  arteri'  >  into  tlie  hrad,  neck,  and  upper  liml'S,  otilv  a 
';    rtion  aTT  irently  passing  into  the  descending  aorta. 
•  v-i  '"f  thr  >r.i<rior  cava  ap\in  is  solely  venous^  whi>  h  is 
hy  thh>  crn  it  vein  ♦n  m  the  head,  neck,  upper  limbs,  aiid 
%vill>  -f  th-  •  h^st.     It  t!  ws  into  the  right  auricle,  where  it  my 
a'  '.tiire  a  .-lijht  aimixrare  with  the  bhxKl  of  the  inferior  t^va.    Ft 
this  aur:  le  it  is  iT-pelled  into  the  right  ventricle,  and  thence  icto 
tie  |if.:ii'"»n.ir\-   artery.      (>nly  a  small  juirt  of  this  venous  bh^ivi 
passes  into  the  n::ht  and  left  pulmonary  arteries  ;  the  greater  part 
tlnvs  through  the  viuctus  arteriosus  into  the  descendinf^  aorta,  hy 
which  it  is  distriVutrd,  not  only  to  the  infra-diaphragroatic  parts 
of  the  V'odv,  but  bv  the  hvpo-fjastric  and  umbilical  arteries  to  tb* 
placenta.      In  the  fatus,  therefore,    the   blood  which   circiilir-e* 
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throngh  the  heart  and  arteries  is  mixed  blood*  The  precise  differ- 
entiation  of  the  blood  of  the  two  sides  of  the  heart  into  a  right  ven- 
oos  side,  and  a  left  arterial  side  does  not  take  place  antil  after  the 
birth  of  the  child,  when  the  pulmonary  respiration  being  estab- 
lished, the  ductus  arteriosus  becomes  obliterated,  and  the  foramen 
ovale  becomes  closed. 

The  Ductless  Glands  tor  the  most  part,  though  not  entirely,  are 
developed  from  the  mesoblast 

The  Spleen  arises  from  a  mass  of  cells  situated  in  connection  with 
the  meso-gastric  fold  of  the  stomach.  These  cells  belong  to  the 
mesoblast,  and  form  originally,  as  Peremeschko  has  shown,  a  mass 
common  to  both  spleen  and  pancreas.  A  constriction  then  forms 
which  separates  the  mass  into  a  left,  or  splenic,  and  a  right,  or 
pancreatic  portion.  Into  the  pancreatic  portion  a  prolongation  of 
the  hypoblast  lining  of  the  primitive  alimentary  canal  passes,  but 
not  into  the  splenic  portion.  An  artery  grows  into  the  spleen 
mass  from  the  aorta,  and  the  collection  of  cells  differentiates  into 
the  proper  textures  of  the  spleen. 

The  Supra-renal  capsules  arise,  as  was  pointed  out  by  Goodsir, 
from  a  mass  of  cells  situated  between  the  two  Wolffian  bodies: 
Th«ae  cells  belong  to  the  mesoblast  layer  of  the  embryo.  KoUiker 
couaiderB  that  the  two  capsules  are  originally  one  organ,  which 
^abaequently  separates  into  two  lateral  portions.  At  first  the  supra- 
renal capsules  are  larger  than  the  kidneys,  but  their  subsequent 
growth  is  not  so  rapid,  so  that  the  kidneys  soon  surpass  them  in 


The  Thymus  arises,  according  to  Simon,  in  a  membranous  sub- 
•tance  situated  parallel  and  close  to  the  carotid  arteries.  This  mem- 
brane is  probably  derived  from  the  mesoblast. 

The  Thyroid  arises  from  a  rounded  mass  of  mesoblast  cells  situ- 
ated in  relation  to  the  first  pair  of  vascular  arches.   W.  Hiiller  states 
that  a  prolongation  of  the  hypoblast  lining  of  the  pharynx  is  con* 
finaed  into  it.     It  is  probable,  therefore,  that,  whilst  the  vascular 
connective  tissue  of  the  thyroid  is  of  mesoblast  origin,  the  cellular 
lining  of  its  vesi<:les  is  derived  from  the  hypoblast.    This  diffeieuce 
in   the  origin  of  the  thyroid,  as  compared  with  the  thymus  and 
spleen*  ia  an  additional  argument  to  that  derived  from  their  struc- 
torai  differences,  against  the  physiological  identity  of  these  organs. 
The  Pituitary  ghmd  consists  of  two  lobes  developed  from  very  dif- 
ferent parts.    The  posterior  lobe  is  a  downward  prolongation  of  the 
f^f>oT  of  the  third  cerebral  ventricle,  with  which  it  is  continuous 
throo^  the  infundibnlum ;  it  is  derived  therefore  from  the  epi- 
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CHAPTEE  VIII. 
THE  LAKYNX,  OR  ORGAN  OF  VOICE. 


The  Larynx,  or  Organ  of  Voice,  ia  the  upper  end  of  the 
windpipe,  which,  whilst  performing  the  function  of  a 
respiratory  tube,  is  especially  modified  in  its  construction 
for  the  production  of  the  voice. 

The  larynx  lies  in  the  middle  of  the  anterior  part  of  the 
neck,  in  front  of  the  pharynx,  and  immediately  below 
the  hyoid  bone.  It  passes  downwards  to  opposite  the 
body  of  the  sixth  cervical  vertebra,  where  it  becomes  con- 
tinuous with  the  trachea.  It  is  covered  by  the  stemo* 
hyoid,  fltomo-thyroid,  thyro-hyoid,  and  omo-hyoid  muscles, 
cervical  fascia  and  skin;  and  the  lateral  lobes  of  the 
thyroid  body,  with  the  upper  ends  of  the  two  common 
carotid  arteries,  lie  at  its  sides.  It  forms  a  tube,  the  wall 
of  which  is  composed  of  a  framework  of  cartilages, 
jointed  together  and  movable  on  each  other  by  the  action 
of  special  muscles.  Within  the  tube  are  the  vocal  cords, 
by  the  vibrations  of  which  the  voice  is  produced.  It  is 
lined  by  a'glandular  mucous  membrane,  and  is  supplied 
by  blood-vessels  and  nerves. 


C'ii'lil>i'ji-s  oj  (lie  Laryiir. 
The  cartilages  of  the  larj-as  are  nine  in  nunibcr,  aEiI 
Drni  its  f  raiiu'woik.  TUcy  consist  of  three  single  cartilaje,- 
the  thyroid,  the  cricoii 
and  the  ejiiglottis  ;  and 
of  three  j>airs  of  i-ar- 
tUuges,  the  two  an- 
tenoiJ,  the  two  ciirai- 
cula  lan'ugi^,  sod  iisi 
two  cuneiform  eani- 
bgea. 

Tlie  Tbyruip,  >■; 
Bhifld-like  cartilage,  i; 
the  largest  of  the  car- 
tilages of  the  larvni 
It  is  situated  anterioily, 
and  laterally,  and  ci.<l- 
sists  of  two  quadri- 
lateral plates  or  ^r/ir. 
which  are  united  ti'^ 
gether  by  their  auterijf 
borders,  where  lity 
form,  especially  in  the 
neck  of  a  man.a  pitijeci- 
ing  angle,  or  prouiinecn 
in  the  middle  line  of  tii 
front  of  the  neck,  f2a:i 
liarly  known  as  AdaiL  ^ 

union  the  plates  jin^/vr 
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backwards,  diverging  from  each  other  to  form  a  retreat- 
ing angle,  and  enclosing  the  smaller  cartilages  of   the 
larynx.    Each  plate  is  marked  on  its  outer  surface  by  an 
oblique  ridge  for  the  attachment  of  the  th3rro-hyoid  and 
stemo-thyroid  moscles,  whilst  the  inner  surface  is  smooth, 
and  for  the  most  part    covered  by  mucous  membrane. 
The  upper  border  of  each  plate  is  attached  to  the  hyoid 
bone  by  a  broad  fibroblastic  membrane,  the  tkyro-hyaid  mem- 
Ifrane^  and  the  lowier  border  Is  united  to  the  upper  border 
of  the  cricoid  cartilage   by  the  crico4hyroid  membrane. 
The  posterior  border  gives    attachment  to  the  palato- 
pharyngeus  and  the  stylo-pharyngeos  muscles,  and  is  pro- 
longed into  two  comua.    The  superior  comu  is  attached 
to  the  tip  of  the  great  comu  of  the  hyoid  by  a  rounded 
elastic  band,  the  thyro-hyoid  ligamenty  in  which  a  nodule 
of  cartilage,  eartUago  triticeal  is  often  situated ;  the  inferior 
comu  is  short,  and  articulates  with  the  side  of  the  cricoid 
cartilage  by  a  movable  joint 

The  Cbiooid,  or  ring-like  cartilage,  is  the  lowest  cartilage 
of  the  larynx,  and  completely  surrounds  the  tube.      Its 
vertical  diameter  posteriorly  is  about  one  inch,  but  an- 
teriorly not  more  than  \  inch.     Its  outer  surface  possesses 
posteriorly  a  mesial  vertical  ridge,  to  the  side  of  which  is 
a  depression  for  the  origin  of  the  posterior  crico-ftrytenoid 
miiacle  (fig.  161).    On  each  lateral  aspect  of  the  cartilage 
is  an  articular  facet  for  the  inferior  comu  of  the  thyroid 
cartilage,  anterior  to  which  is  a  surface  for  the  attachment 
of   the  crico-thjrroid  muscle.     The  inner  surface  of  the 
cricoid     cartilage    is    smooth,    and    lined    by    mucous 
membrane.     Its  lower  border  is  almost  horizontal,  and 
is  attached  by  membrane  to  the  first  ring  of  the  trachea. 
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the  thyroid  and  the  side  of  the  cricoid  cartilage,  between 
which  is  a  diarthodial  joint,  enclosed  hy  a  capsular  liga- 
meiU^  and  bned  by  a  synovial  membrane. 

The  Epiolottis  is  a  leaMike  plate  of  yellow  fibro- 
cartilage  situated  in  front  of  the  upper  opening  of  the 
larynx.    Its  elongated  stalk  passes  vertically  downwards 
behind  the  body  of  the  hyoid,  and  the  projecting  angle  of 
the  thyroid  cartilage  to  be  attached  to  the  inner  surface  of 
this  angle  by  the  thyro-tpigloUic  ligament  (fig.  161).     The 
blade  of  the  leaf  is  ovoid  in  form,  and  projects  upwards 
behind  the  tongue.     Its  surfaces   are  directed  forwards 
and  backwards,  and  are  covered  by  mucous  membrane, 
which  is  prolonged  from  the  anterior  surface  to  the  back 
of  the  tongue  as  the  gloBso-epiglottidean  folds ;  beneath 
these  folds  is  an  elastic  membranous  band,  the  glosso- 
epigioUidean  ligamenif  which  stretches  from  the  root  of  the 
Umgne  to  the  anterior  surface  of  the  epiglottis ;  and  on  a 
still  deeper  plane  is  the  hy<hepiglottidean  ligament^   an 
elastic  membrane,  which  attaches  the  front  of  the  epi- 
glottis to  the  body,  and  great  comua  of  the  hyoid.     The 
posterior  surface,  concave  from  'side  to  side,  is  free,  and 
possesses  a  prominence  called  the  cushion  (figs.  163,  164). 
The  upper  border  is  free  and  rounded;  but  from  the 
lateral  borders  the  mucous  membrane  is  prolonged  down- 
wards and  backwards,  as  {far  as  the  comicula  laryngis 
and   arytenoid  cartilages,   to  form  a  pair  of  folds,   the 
aryieno-epigloitidean  folds  of  mucous  memhrane,   which 
form  the  lateral  boundaries  of  the  superior  opening  of 
the   larynx.     The  cartilage  of  the  epiglottis  is  pitted 
by  nnmerous  depressions,  in  which  mucous  glands  are 
lodged. 
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The    Aryten'oid,    or    pyramidul    cartilages,    two     \n 
niiiiji)LT,  are  |>laced  on   the  posterior   part  of   the  upper 

bnnltT  uf  the  cricoid  cartilage.  Each  is  a  three-sidtrd 
pynuiiid,  al»uut  half  au  inch  iu  height,  and  a  quarter  of  an 
inch  in  width.  The  base  articuJates  with  the  cricoid,  and 
two  of  its  angles  are  prolonged  into  well-marked  j»rL»- 
ce^ses:  the '.'7< /'/;'// or  muscn!<ir  process  is  directed  1-ack- 
w:uds  and  outwards,  and  gives  attachment  to  the  tendoii- 
of  in-crtii'n  of  the  lateral  and  posterior  crico-arytenL-iJ 
hiii>rles  :  the  mittrior  or  vo'yd  process  is  directed  forwards, 
and  gives  attachment  to  the  true  vocal  cord.  The  apei 
«-f  the  cartilage  is  directed  upwards,  and  articulates  with 
the  corniculuin  laryugis.  The  posterior  surface  is  concavt-, 
and  gives  attachment  to  the  arytenoid  muscle :  the  inner 
.surface  is  smooth,  and  covered  by  the  mucous  membrane  , 
the  anterior  surface  givers  attachment  to  the  superior  or 
false  vocal  cord,  and  to  the  thyro-arytenoid  muscle.  The 
ba<e  of  the  arvtcnoid  cartilage  is  connected  to  the  cricoiJ 
by  a  C'fj'SHhrr  lif/amnify  lined  by  a  synovial  membrane,  aud 
a  band  of  fibres  extending  from  the  back  of  the  arytenoid 
to  the  back  of  the  cricoid  has  been  named  the  posterior 
rrin,~<tr//l(  /r>i(l  lijinuent.  ^\iQ  false  vocal  cord^j  or  suj-^or 
fhuro-(ir(i(''nn(il  li'ioments,  pass  from  the  anterior  surface 
of  each  arytenoid  cartilage  to  the  retreating  angle  of  the 
thyroid  ;  and  the  ti^e  vocal  conU,  or  inferior  thyro-ary 
tawi'l  lirj'iint  )ifs\  pass  from  the  anterior  vocal  pn^ess  of  the 
arytenoid  to  the  retreating  angle  of  the  thjrroid  cartilage 
(fig.  1G2). 

The  CoiiNK  ULA  Laryngis,  or  Cartilages  of  Santorini. 
are  two  small  nodules  articulated  to  the  apices  of  the  ary- 
tenoid cartilages,  the  connection  being  etfected  by  a  ciip- 
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9ular  ligament ^  lined  by  a  synovial  membrane  (figs.  161, 
163.)    The  cornicola  are  fonned  of  yellow  fibro-cartilage. 
The  Cuneiform  cartilages,  or  Cartilages  of  Wrisberg, 
are  two  thin  plates  of  yellow  elastic  cartilage,  placed  one 
in  each  aiyteno-epiglottidean  fold  of  mucous  membrane. 

Interior  of  the  Larynx, 

The  tube  of  the  larynx,  or  the  glottis,  communicates 
aboTe  with'the  pharynx,  and  below  with  the  trachea.  The 
tuperior  opening  of  the  larynx  is  somewhat  triangular  in 
form,  with  the  base  in  front  and  the  apex  behind.  It  is 
bounded  in  front  by  the  epiglottis ;  on  each  side  by  the 
aryteno-epiglottidean  fold  of  mucous  membrane;  behind 
by  the  comicula  lar3mgis,  the  apices  of  the  arytenoid  car- 
tilages, and  the  fold  of  mucous  membrane  passing  between 
them.  The  inferior  opening  is  circular  in  form,  like  the 
tabe  of  the  trachea,  with  which  it  is  continuous. 

The  mucous  lining  of  the  larynx  is  elevated  into  folds, 
which  correspond  in  position  to  the  false  and  true  vocal 
oorda ;  the  arrangement  of  the  cords  may  be  seen  when 
the  larynx  is  looked  into  through  its  superior  opening,  or 
when  a  mesial  incision  is  made  longitudinally  through  the 
posterior  wall,  and  the  two  sides  of  the  tube  slightly  sepa- 
rated from  each  other  (fig.  163).  Two  pairs  of  vocal  cords 
may  then  be  seen  extending,  one  above  the  other,  at  the 
sides  of  the  mesial  plane,  in  the  antero-posterior  direction 
from  the  thyroid  to  the  arytenoid  cartilagea  The  superior 
pair^  or  the/o/M  vocal  cords,  consist  of  thin  fibres  attached 
anteriorly  to  the  retreating  angle  of  the  thyroid  cartilage, 
and  posteriorly  to  the  anterior  surface  of  the  arytenoid 
cartilage  :  these  fibres  are  covered  by  a  fold  of  the  mucous 
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thyroid  membrane  as  to  f onn  its  free  upper  border.  The 
maoous  membrane  which  covers  them  is  thin  and  free 
from  glands.  The  slit  between  the  two  true  vocal  cords 
and  the  inner  surfaces  of  the  two  arytenoid  cartilages,  is  in 
the  mesial  plane,  and  is  named  the  rima  gloUidisj  or  ehink 
of  the  laiynx.  That  part  of  the  rima  which  lies  between 
the  vocal  cords  has  been  called  the  vocal  glottis,  whilst 
that  situated  between  the  arytenoid  cartilages  is  the  re- 
spiratcry  gkUU  (fig.  166).  The  long  or  antero-posterior 
diameter  of  the  lima  is  nearly  1  inch  in  the  larynx  of 
a  man,  and  about  f-inch  in  that  of  a  woman.  Its  width  or 
transverse  diameter  varies  with  the  position  of  the  vocal 
cords,  and  the  variations  in  its  width  modify  its  shape. 
When  the  oords  are  separated  to  the  greatest  extent,  the 
rima  is  lozenge-shaped ;  when  they  are  moderately  asunder, 
it  is  an  elongated  triangle,  with  the  base  behind  and  the 
apex  in  front;  when  they  are  brought  in  contact  with 
each  other  the  rima  is  dosed. 

Between  the  superior  and  inferior  vocal  cord  on  each  side 
Ib  an  elongated  deep  depression,  the  tinut,  or  ventricle  of 
the  larynx,  which  is  lined  by  mucous  membrane ;  the  floor 
of  this  ventricle  is  concave  immediately  to  the  outer  side 
of  the  true  vocal  cord.  A  prolongation  of  the  ventricle, 
named  the  p<mch  of  Jfargagni  or  eaccule  cf  the  larytw, 
passes  upwards,  to  the  outer  side  of  the  superior  vocal  cord, 
as  high  as  the  level  of  the  upper  border  of  the  thyroid 
cartilage ;  the  pouch  is  lined  by  mucous  membrane  con- 
tinuons  with  the  mucous  lining  of  ,the  ventricle  of  the 
larynx,  and  in  its  outer  wall  is  the  thyro-arytenoid  muscle. 

If  a  vertical  transverse  section  be  made  through  the 
laiynx  immediately  in  front  of  the  ar3rtenoid  cartilages  the 
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Musdea  of  the  Larynx, 

The  muscles  of  the  larjmx  are  arranged  in  two  groups, 
an  extrinsic  and  an  intrinsic. 

The  extrimic  muscles  are  divided  into  a  supra-hyoid 
and  an  infra-hyoid  group.  The  supra-hyoid  muscles  are 
the  digastric,  stylo-hyoid,  mylo-hyoid,  and  genio-hyoid. 
The  infra-hyoid  are  the  omo-hyoid,  stemo-hyoid,  sterno- 
thyroid, and  thyro-hyoid.  These  muscles  act  on  the  entire 
larynx  through  their  insertion  into  the  hyoid  bone,  and 
through  the  attachment  of  that  bone  to  the  thyroid  cartilage. 
Their  description  naturally  comes,  therefore,  into  that  of 
the  muscles  acting  on  the  hyoid.  As  the  stemo-thyroid 
and  thyro-hyoid  muscles  have  a  direct  attachment  to  the 
alse  of  the  thyroid  cartilage,  they  will  be  described  here. 

8temo4hyroid  arises  from  the  back  of  the  manubrium 
stemiy  and  the  first  costal  cartilage ;  it  ascends  in  front  of 
the  trachea,  and  is  inserted  into  the  oblique  line  on  the 
outer  surface  of  the  thyroid  cartilage. 

Thynhhpoid  arises  from  the  lower  border  of  the  great 
oomu  and  the  body  of  the  hyoid  bone,  and  is  inserted  into  the 
aame  oblique  line  to  which  the  stemo-thyroid  is  attached 

From  the  attachment  of  these  muscles  to  the  thyroid 
cartikge,  they  can  fix  it,  and  put  it  in  a  better  position  to 
serve  as  a  surface  of  origin  for  those  intrinsic  muscles  of 
the  larynx,  which  arise  from  it 

The  inirinne  muscles  of  the  larjmx  arise  from  and  are 
inserted  into  the  cartilages  of  the  larynx,  and  by  their 
action  diminish  or  increase  the  tension  of  the  vocal  cords, 
^iminiftli  or  increase  the  size  of  the  rima  glottidis,  or  affect 
the  position  of  the  epiglottis  and  the  si^e  of  the  superior 
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The  crico-thyroid  moBcles  increase  the  tension  <4  the 
vocal  cords.  Afl  to  the  mode  in  which  this  tenaion  is 
occasioned  there  is  a  difference  of  opinion.  It  is  nan- 
ally  believed  that  the  crieo-thyroid  mnsdea  rotate  the 
thyroid  cartilage  about  a  transverse  axis,  passing  horiiOQ- 
tally  through  the  two  crico-thjToid  joints,  and  de- 
press the  auterior  border  of  the  thyroid  cartilage  so  as  to 
elongate  the  vocal  cords  in  froDt  But  some  anatomists 
hold  that  the  thyroid  cartilage  is  fixed  by  the  action  of 
the  thyro-hyoid  muscles,  that  the  crico-thyroid  muscles 
then  rotate  the  cricoid  cartilage  on  the  thyroid,  by  drawing 
the  front  of  the  cricoid  cartilage  upwards,  which  depresses 
the  back  of  the  cricoid  and  the  arytenoid  cartilages,  and 
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Arj/tauiid  mnacle,  which  ariies  from  the  posterior  con- 
CST8  nirface  of  one  aryteiioid  csitikge,  peaees  tmurenely 
■eron  the  meautl  plane,  to  be  inserted  into  the  corree])ond- 
iug  Butface  of  the  other  cartilAge. 

He  epi^ottis  is  dnvn  backwards  and  depressed  by  the 
pftir  of  obliqne  aryteno-epiglottidei,  and  the  thyro  epiglot- 
tidei  mnsdeo. 

The  ObiiqM  orytetto^^ottidei  muscles  consist  of  the 
obliqne  fibres  aitaated  soperficial  to  the  arytenoid  mnacle. 
Thtiy  arise  nesr  the  external  or 
miucnlar  tubercle  at  the  base 
of  the  aiTtenoid,  pass  obliquel; 
upwards  across  the  mesial  plane 
to  the  apex  of  the  opposite  ary- 
tenoid cartilage,  and  then  ascend 
in  the  atyteDO«pigIottidean  fold 
at  mncons  membrane.  The  ob- 
lique aryteno-epiglottideen  and 
aryteiioid  muscles  are  arranged 
etronnd  the  enperior  orifice  of  the 
larynx  like  a  sphincter,  and  hy 
their  contraction  the  size  of  this 
opening  is  dimini'>h''d. 

TTtjpvepiglottidn    consist    of 
fibres  which  arise  from  the  inner 
surface  of  the  thyroid  cartilage  near  the  retreating  angle, 
and  ascend  to  the  side  of  the  epiglottis. 

The  glottis  is  shut,  dnring  the  act  of  swallowing,  not 
only  by  the  depression  of  the  epiglottis,  as  described  on  p.  69, 
bttt  t^  the  closure  of  the  rima  glottidis,  due  to  the  approxi- 
mation of  the  arytenoid  cartilages  and  the  true  vocal  cords. 
2q 


600  ANATOMY. 

cartilage  upwards  and  backwards,  but  owing  to  the  atlacli 
nient  of  some  fibres  to  the  vocal  cord,  local  tension  nuy 
be  given  to  certain  parts  of  it.  The  fibres  attached  t^ 
the  anterior  surface  of  the  arytenoid  cartilage  may  ixtll 
it  inwards  so  as  to  bring  the  two  cords  together,  an  i 
narrow  the  rima  glottidis. 

The  width  of  tlie  rima  glottidis  is  alt<;red  by  the  move- 
ments of  the  arytenoid  cartilages,  which  rotate  abcmt  i 
vertical  axis  passing  through  the  crico-arj'tenoid  joints. 
The  cartilages  are  rotated  outwards,  the  vocal  proce>^ 
and  vocal  cords  are  separated  from  each  other,  and  thr 
rima  glottidis  is  widened  by  the  pair  of 

Posterior  crico-ariftenoid  muscles,  which  arise  from  tbv 
depressed  surfaces  on  the  back  of  the  cricoid  cartilu't 
(fig,  161),  and  pass  upwards  and  outwards  to  be  inderttsi 
into  the  external  or  muscular  process  at  the  base  of  eacl 
arytenoid  cartilage.* 

The  arytenoid  cartilages  are  rotated  inwards,  the  vocal 
cords  are  approximated,  and  the  vocal  part  of  the  rima 
glottidis  is  narrowed  by  the   pair  of 

Lateral  cruo-arf/ienoid  muscles,  which,  being  ondc-r 
cover  of  the  sides  of  the  thyroid  cartilage,  arise  from  the 
upper  border  of  the  side  of  the  cricoid,  pass  backward^ 
and  upwards  to  be  inserted  into  the  external  or  mnscUifir 
process  at  the  base  of  each  ar3rtenoid  cartilage. 

The  arytenoid  cartilages  are  drawn  together,  and  the 
width  of  the  respiratory  part  of  the  rima  glottidis  i» 
narrowed,  by  the  single 

*  Mcrkel  doscnbod  a  suuiU  Kerato-criond  muscle  as  oocasionAliT'^" 
ti'iidin^,  but  on  one  ^i«le  «)nly,  Iroui  the  lower  part  of  the  Iwi^k  of  t^*  *'' ' 
(•(•id  i-irtilaiTe  to  tin.'  JTiferior  oornu  of  tlie  thyroid.  I  found  it  to  ve  {<^ 
»<'iit  7  times  in  'S'2  subjcfts,  and  to  be  ocoasionxilly  present  on  i*oth  >»••«*■ 
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Arf/UHoid  muBcle,  which  uues  from  the  posterior  con- 
an  nufaoe  of  one  aiTtenoid  cutikge,  paues  tmuveiMly 
uroas  tlie  memal  plane,  to  be  inserted  iDto  the  corresiiond- 
iug  rarface  of  the  other  cartilage. 

The  epiglottia  i«  dnwn  beckwardB  and  depreued  by  the 
ptir  of  obliqoa  aiytoao-epiglottidei,  and  the  thyro  epiglot- 
tidei  mnsclee. 

The  Obliqite  aryttno-eptylottidH  mnsdas  consiBt  of  the 
obliqae  fibres  situated  sapuficial  to  the  aiytenoid  mnsde. 
Thcf  arise  near  the  external  or 
mascnlar  tubercle  at  the  base 
of  the  aiytenoid,  pass  obliquely 
npirards  across  the  mesial  plane 
to  the  apex  of  the  opposite  aiy- 
teaotd  cartilage,  and  then  ascend 
in  the  aryteno-epiglottidean  fold 
of  mncoos  membrane.  The  ob- 
lique arytencMpiglottidean  and 
arytenoid  muscles  ore  arranged 
aroood  the  snperior  orifice  of  the 
larynx  like  a  sphincter,  and  by 
their  contraction  the  size  of  this 
npaning  u  diminished. 

Thyro-tpi^ottidei    consist    of 
fibra  which  arise  from  the  inner 
aarfaee  of  the  thyroid  cartilage  near  the  retreating  angle, 
and  — cend  to  the  side  of  the  epiglottis. 

Tbe  glottis  is  shut,  during  the  act  of  swaUowing,  not 
only  by  the  depreasioD  of  the  epiglottis,  as  described  on  p.  89, 
bat  bj  the  closure  of  the  rima  glottidis,  due  to  the  approxi- 
mation of  the  arytenoid  cartilsgee  and  the  true  rocal  cords. 
2q 
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The  free  edges  of  the  vocal  cords  are  thrown  into  vibra- 
tions in  the  production  of  the  voice.  The  modifications 
which  take  place  iu  their  degree  of  tension,  and  in  the 
size  of  the  rima  in  connection  with  the  production  of  the 
notes,  and  the  elevation  or  lowering  of  their  pitch,  are 
questions  which  are  more  appropriately  discussed  in  works 
on  physiology. 

Murons  Memhrane  of  the  Laryiir, 

The  larynx  is  lined  by  a  mucous  membrane,  continnous 
nbove,  through  the  superior  opening,  with  the  raucoo.^ 
lining  of  the  pharynx,  and  below,  through  the  inferior 
opening,  with  that  of  the  trachea^  It  is  thin,  especially 
where  it  covers  the  true  vocal  cords,  but  in  the  aryten.*- 
epiglottidean  folds  it  is  thicker  and  the  sub-mucous  ti^5ue 
is  looser :  it  does  not  possess  a  high  degree  of  vascularitr. 
Its  surface  is  covered  by  a  ciliated  columnar  epithelium, 
intermingled  with  goblet-shaped  cells ;  except  near  it* 
superior  orifice,  and  over  the  true  vocal  cords,  in  which 
locilities  it  is  squamous.  The  sub-epithelial  connective 
tissue  of  the  mucosa  contains  a  quantity  of  elastic  fibres. 
N'umcrous  racemose  glands  are  found  opening  on  the  stl^ 
face  of  the  laryngeal  mucous  membrane.  They  are  Terr 
abundant  on  the  back  of  the  epiglottis,  in  which  they  are* 
lodged  in  small  pits,  and  in  the  walls  of  the  lar3mg«! 
pouches.  Collections  of  lymphoid  tissue  are  also  found  in 
the  subepithelial  tissue  of  the  mucosa. 
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Ves$ds  and  Nerves  of  the  Lai'ynx. 

Tbe  larynx  leoeivea  its  supply  of  blood  from  the  superior 
laiyngeal  branches  of  the  superior  thyroid  arteries,  which 
pierce  the  thyro-hyoid  membrane ;  from  the  crico-thyroid 
branches  of  the  same  arteries,  which  form  an  arch  on  the 
crieo-thyroid  membrane,  and  from  the  inferior  laryngeal 
branches  of  the  inferior  thyroid  arteries,  which  pass  to  the 
lower  and  posterior  part  of  the  larynx.  Veins  correspond 
to  these  different  arteries.  Lymphatics  are  distributed  in 
the  mucous  and  submucous  tissues. 

The  nerves  of  the  larynx  are  the  superior  and  inferior 
laryngeal  branches  of  the  pneumogastric.  The  superior 
laryngeal  nenre  divides  into  an  external  and  an  internal 
branch.  The  external  branch  is  small,  and  descends  to  sup- 
ply the  crico-thyroid  muscle.  The  internal  branch  pierces 
the  thyro-hyoid  membrane,  and  divides  into  two  parts ;  the 
upper  or  epiglottic  branch  supplies  the  mucous  covering 
of  the  epiglottis,  the  aiyteno-epiglottidean  and  hyo-glossal 
folds  of  mucous  piembrane ;  the  lower  part  supplies  the 
mnoouB  lining  of  the  middle  and  lower  parts  of  the  laiynx, 
and  gives  a  branch  to  the  arytenoid  muscle.  The  inferior 
or  recurrent  laiyngeal  nerve  supplies  branches  to  all  the 
intrinsic  muscles  of  the  larynx  except  the  crico-thyroid. 
It  also  communicates  with  the  superior  laiyngeal  nerve, 
and  gives  some  small  twigs  to  the  mucous  membrana 


^,* 


CHAPTER  IX. 

EESPIRATORY  SYSTEM. 


The  Respiratory  System  is  composed  of  organs,  which  are 
engaged  in  the  interchange  of  gases  between  the  blood  and 
the  atmospheric  air.  Through  their  instrumentality,  the 
blood  acquires  oxygen  from  the  air,  imparts  to  it  carbonic 
acid  and  watery  vapour,  and  becomes  changed  from  impure 
venous  into  pure  arterial  blood.  In  man  and  the  higher 
vertebrates  the  interchange  of  gases  is  effected  through 
the  medium  of  a  long  branching  tube,  called  the  Windpipe, 
and  of  two  vascular  spongy  organs,  the  Lungs.  But  as 
the  windpipe  has  no  direct  communication  with  the  ex* 
terior  of  the  body,  and  opens  superiorly  into  the  phaiynii 
the  atmospheric  air  has  to  pass,  through  either  the  nose  or 
mouth  into  the  pharynx,  before  it  can  enter  the  windpipe. 
The  nose  is  the  proper  passage  for  its  transmission,  and 
constitutes  therefore  a  part  of  the  respiratory  appaiutos. 
As  the  nose  is  also  an  organ  of  sense,  its  anatomy  has  heen 
described  under  that  head  (p.  322). 

The  process  of  respiration  consists  of  two  acts,  with 
intermediate  pauses — breathing  in  and  breathing  out. 
Breathing  in,  or  Inspiration^  consists  in  drawing  air  into 
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the  loD^  soaa  to  expand  those  organs.  Breathing  out,  or 
Ezpirationy  consists  in  the. expulsion  from  the  longs  of  a 
portion  of  the  air  which  they  contained.  By  the  regular 
alternation  of  these  two  acts,  during  extra-uterine  life,  the 
air  in  the  lungs  is  constantly  being  renewed,  and  fresh 
portions  of  air  are  brought  into  relation  with  the  stream  of 
blood,  as  it  is  propelled  through  the  capillaries  of  the 
lungs  by  the  action  of  the  right,  or  pulmonic  side,  of  the 
heart  The  movements  of  respiration  are  in  a  great  mea- 
sore  effected  by  the  agency  of  numerous  muscles  acting  on 
the  osseo-cartOaginous  framework  of  the  thorax.  A  general 
description  of  the  action  of  these  muscles  has  been  already 
given  on  p.  78. 

As  the  lungs  occupy  a  large  portion  of  the  cavity  of  the 
chesty  and  have  important  relations  to  its  walls,  it  will  be 
advisable,  before  describing  them,  to  give  an  account  of 
the  construction,  shape,  apd  size  of  the  thorax,  and  to 
point  out  the  r^ons  into  which  it  is  customary  to  divide 
it 

Thorax. 

Hie  Cavitt  of  theTnoEAx  or  Chest  is  intermediate  in 
podtioD,  in  sise,  and  in  the  extent  of  mobility  of  its  walls 
to  the  cavities  of  the  cranium  and  abdomen.  It  contains 
not  only  the  two  lungs  and  the  terminal  part  of  the  wind- 
pipe, but  the  heart,  with  the  great  blood-vessels  which 
pass  to  and  from  it^  some  large  nerves,  the  oesophagus,  and 
the  thoracic  duct  It  is  very  completely  walled  in  by 
bones,  cartilages,  musdes,  membranes,  and  skin. 

r-seven  bones  enter  into  the  formation  of  the 
waDa  of  the  thorax,  vi&,  12  dorsal  vertebra, 
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12  pairs  of  ribs,  and  the  stenmnu  The  doml  wteln 
are  situated  in  the  middle  of  its  pofiteriormlL  1^^ 
bodies  are  united  together  by  the  inturveitebiti  dnoi,  v>- 
anterior  and  posterior  common  ligaments ;  their  iitinjr 
processes  by  capsular  ligaments ;  their  lamias  I7  tii 
ligamenta  subflava ;  and  their  spines  by  the  sapa  is- 
inter  spinous  ligaments.  The  sternum  is  sitoitod  ia  ^ 
middle  of  the  anterior  wall  of  the  chest  It  consiBts  of  thiv 
pieces,  which  ultimately  fuse  together  into  a  single  boDi 
The  twelve  ribs  on  each  side  are  articulated  behiiid  to  tit 
dorsal  vertebna  They  project  at  first  backward^  dc*: 
wards,  and  outwards ;  they  then  arch  downwards,  fbiwi^ 
and  inwards,  and  are  continuous  at  their  anterior  ends  t:l 
the  costal  cartilages.  The  first  costal  cartilage  H^^r 
the  first  rib  downwards  and  inwards  to  the  side  of  ^ 
manubrium  stemL  The  second  continaea  the  seoood  *• 
horizontally  inwards  to  the  side  of  the  joint  betvrws  *'^- 
manubrium  and  body  of  the  sternum.  The  cartiUg^  ^ 
the  third  rib  to  the  tenth  inclusive  slope  upwards  ^ 
inwards,  and  become  gradually  more  vertical  in  tt  -' 
direction,  as  one  passes  downwards  in  the  seriea  ^• 
cartilaginous  termination  of  the  seven  upper  ribs,  00 1^- 
side  articulate  with  the  side  of  the  sternum.  The  ciT-' 
ginous  terminations  of  the  eighth,  ninth,  and  tenth  " 
do  not  reach  the  side  of  the  sternum ;  bat  as  thtj  1" 
jointed  together,  and  as  the  eighth  cartilage  is  jointed  «  - 
the  seventh,  the  seventh  to  the  sixth,  and  the  sixth  ti>  t:- 
fifth,  they  are  indirectly  connected  to  that  bcme,  ani  - 
movements  of  the  ribs,  of  which  they  are  the  tecmivt:  v 
can  thus  influence  the  movements  of  the  stennia.  >- 
cartilaginous  terminations  of  the  eleventh  and  twelf^ " ' 
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oome  to  free  ends  in  the  mnsdes  of  the  wall  of  the  abdo- 
mea 

The  ribs  are  all  jointed  behind  by  their  heads  to  the 
bodies  of  the  vertebrse,  and  they  all,  except  the  eleventh  and 
twelfth,  poeeooa  tabercles,  which  are  jointed  to  the  trana- 
Terse  prooeesee  of  their  corresponding  dorsal  yertebrse.  The 
intervals  between  the  ribs,  or  intercostal  spaces,  are  occu- 
pied by  the  external  and  internal  intercostal  muscles,  and 
by  an  anterior  and  a  posterior  intercostal  fibrous  membrane. 
The  intercostal  spaces  are  eleven  in  number  on  each  side 
of  the  thoracic  walL  Each  space  is  not  of  equal  width  in 
its  entire  length,  for  the  borders  of  the  ribs  which  bound 
it  are  not  parallel  with  each  other.  They  are  the  widest 
opposite  the  junction  of  the  osseous  and  cartilaginous  part 
of  the  eostal  arch,  but  from  this  spot  they  diminish  in 
width  from  before  backwards.  The  width  of  the  upper 
aeries  of  spaces  is  greater  than  that  of  the  middle  and 
lower.  The  lower  two  intercostal  spaces,  however,  remain 
ot  equal  width  throughout 

The  £xUmal  or  Superficial  InterGOdal  muscle  forms  a 
layer  extending,  from  the  tubercles  of  the  ribs  posteriorly,  as 
far  as,  or  almost  as  far  as,  the  junction  of  the  osseous  and 
cartilaginous  part  of  the  rib  anteriorly.  Its  fasciculi  are 
short  I  they  arise  from  the  lower  border  of  one  rib,  and 
pass  obliquely  downwards  and  forwards  to  be  inserted 
into  the  upper  border  of  the  rib  situated  immediately 
bdow. 

The  IfUemal  or  Deep  Intercoeial  muscle  forms  a  layer 
extending  from  the  anterior  ends  of  the  costal  cartilages 
as  far  back  as  the  angles  of  the  ribs.  Its  fasciculi  arise 
from  the  inner  margins  of  the  lower  border  of  the  rib  and 
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costal  cartilage,  and  pass  obliquely  downwards  and  back- 
wards to  be  inserted  into  the  upper  border  of  the  rib 
situated  immediately  below. 

The  Anterior  Intercostal  Fibrous  Membrane  stretches 
between  the  lower  border  of  one  costal  cartilage,  and  the 
upper  border  of  the  cartilage  immediately  below  it  It 
lies  superficial  to  the  intercartilaginous  part  of  the  internal 
intercostal  muscle.  In  the  case  of  the  sternal  ribs,  the 
membrane  reaches  from  the  anterior  border  of  the  external 
intercostal  muscle  to  the  side  of  the  sternum,  whilst  in  the 
case  of  the  a-sternal  ribs,  it  connects  their  cartilages  without 
reaching  the  sternum. 

The  Posterior  Intercostal  Fibraus  Membrane  stretches 
between  the  lower  border  of  the  neck  and  shaft  of  one  rib 
and  the  upper  border  of  the  neck  and  shaft  of  the  rib 
immediately  below.  It  reaches  from  the  posterior  border 
of  the  internal  intercostal  muscle  as  far  as  the  head  of  the 
rib  ;  it  is  in  relation  to  the  inner  surface  of  the  posterior 
fibres  of  the  external  intercostal  muscle,  and  between  the 
two  are  the  intercostal  vessels  and  nerve. 

The  Trkingulis  Sterni  muscle  lies  behind  the  costal  car- 
tilages of  the  lower  true  ribs.  It  arises  from  the  side  of 
the  xiphi-sternum  and  the  sternal  ends  of  the  sixth  and 
seventh  costal  cartilages ;  it  passes  obliquely  upwards  and 
outwards  in  separate  digitations  to  be  inserted  into  the 
costal  cartilages,  from  the  second  to  the  fifth  inclusive,  at 
their  junction  with  the  bony  part'of  the  rib. 

The  Intra-  or  Sub-costal  muscles  are  irregular  in  number 
and  size.  They  are  situated  on  the  inner  surface  of  the 
ribs  in  the  region  of  the  angles,  and  are  chiefly  foand 
attached  to  the  lower  ribs.     Their  fibres  run  obh'quelj 
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downwaids  and  backwards,  like  those  of  the  internal 
inteicoatalBy  and  correspond  in  length  to  two  intercostal 


The  thorax  is  usually  compared  in  shape  to  a  trun- 
cated oone,  the  apex  of  which  is  above,  the  base  below. 
It  is  rounded  at  the  sides,  but  flattened  both  in  front  and 
The  truncated  apex,  or  thoracic  inlet,  is  bounded 
by  the  first  dorsal  vertebra,  lateraUy  by  the  first 
pair  of  ribs^  and  in  front  by  the  manubrium  or  pre-steraunu 
Am  the  vertical  diameter  of  the  sternum  is  less  than  that 
of  the  series  of  dorsal  vertebre,  the  upper  end  of  the 
atemnm  does  not  reach  so  high  as  the  first  dorsal  vertebra, 
and  the  plane  of  the  thonunc  inlet  slopes  obliquely  from 
above  downwards  and  forwards.    In  expiration  the  upper 
border  of  the  manubrium  is  opposite  the  body  of  the 
third  dorsal  vertebra,  or  the  disc  between  it  and  the 
•eoond  dorsal  vertebra ;  in  inspiration  it  is  raised  to  opposite 
the  body  of  the  second  vertebra.    Through  the  thoracic 
inlet  the   trachea,  oesophagus,  and    some    large    veins, 
and  nerves  descend  into  the  thorax,  and  the  great  arteries 
and  thoracic  duct  ascend  into  the  neck.     Owing  to  the 
obliquity  of  the  plane  of  the  thoracic  inlet,  the  parts  in 
the  middle  of  the  lower  part  of  the  neck,  though  above  the 
stenram,  lie  anterior  to  the  bodies  of  the  firat  and  second 
donal  vertebrau 

The  base  of  the  thorax  is  much  more  capacious  than 
the  apex.  It  slopes  from  the  xiphi-«temum  downwards, 
oiitwBrds,and  backwards  along  the  cartilages  of  the  seventh, 
fli^itb,  ninth,  and  tenth  ribs,  as  far  as  the  cartilaginous  tip 
of  the  eleventh  rib,  and  then  slopes  upwards,  backwards,  and 
inwwda  along  the  twelfth  rib  to  the  twelfth  dorsal  verte- 
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bra.  The  point  of  the  xiphi-sternum  is  opposite  the  body 
of  the  twelfth  dorsal  vertebra  in  expiration,  but  in  in- 
spiration is  raised  to  opposite  the  body  of  the  eleventh 
vertebra. 

The  base  of  the  thorax  is  filled  in  by  the  diaphragm, 
which  forms  the  floor  of  the  thorax  and  the  vaulted  roof 
of  the  abdomen.  At  the  end  of  an  expiration,  the  summit 
of  the  diaphragm  mounts  as  high  as  the  level  of  the  sternal 
end  of  the  fourth  intercostal  space  on  the  right  side,  but 
not  quite  so  high  on  the  left ;  from  this  summit  level  it 
slopes  downwards  and  backwards  to  the  costal  origins  of 
the  muscle.  The  thoracic  surface  of  the  diaphragm  is 
therefore  convex.  The  diaphragm  is  perforated  to  allow 
of  the  passage  of  the  oesophagus,  nervi  vagi,  aorta,  and 
sympathetic  nervous  cords  downwards  into  the  abdomen, 
and  of  the  thoracic  duct,  vena  azygos  and  inferior  vena 
cava  upwards  into  the  thorax. 

The  autero-posterior  diameter  of  the  thorax  is  less  than 
either  the  transverse  or  vertical  diameters.  The  antero- 
posterior diameter  in  the  mesial  plane,  t.^.,  the  sterno- 
vertebral diameter,  though  it  increases  from  above  down- 
w^ards,  is  less  than  it  b  on  one  side  of  the  sternum,  for  the 
projection  forwards  of  the  bodies  of  the  dorsal  vertebr*, 
and  the  backward  slope  of  the  posterior  ends  of  the  ribs, 
cause  a  considerable  hollow  at  the  side  of  the  vertebral 
bodies,  in  which  the  posterior  border  of  the  lung  is  lodged 
The  transverse  diameter  rapidly  increases  from  the  first  to 
the  6  th  or  7th  ribs,  and  then  diminishes  some  what  down  to  the 
12th  rib.  The  vertical  diameter  is  much  greater,  owing  to 
the  more  backward  slope  of  the  diaphragm  at  the  costo- 
vertebral than  at  the  costo-sternal  waU.    All  the  diameters 
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daring  the  inspiratoryy  and  diminifih  daring  the 
expixatory  movemeata.  The  capacity  of  the  thorax  in 
men  is  greater  than  in  women.  In  women,  daring  respir- 
atioo,  a  greater  range  of  movement  takes  place  in  the 
npper  part  of  the  thoracic  walls  than  in  men,  in  whom 
the  lower  part  of  the  cheat  paasea  through  a  wide  range  of 
movement.  In  yoang  diildren  again  the  diaphragm,  much 
mora  than  the  thoracic  walls,  is  concerned  in  inspiration, 
•ad  the  abdominal  viscera  are  therefore  much  depressed, 
and  the  anterior  abdominal  wall  is  pushed  forwards. 
Modificationa  of  the  natural  form  of  the  thorax  may  arise 
from  congenital  malformations  of  its  walls :  from  external 
premure  artificially  applied,  as  ti^^t  lacing :  from  diseases 
of  its  walls,  as  in  corvatorea  of  the  spine  :  or  from 
diseQeea  of  the  viscera  contained  in  its  cavity,  as  from 
pleoritic  eflfnaionB,  emphysema,  aneoxisms  or  other  ta- 
moniB,  A& 

When  the  bones  of  the  shonlder  girdle,  and  the  great 
mnacks  which  pass  from  them  to  the  walls  of  the  chest  are 
in  position,  and  when  theae  are  covered  by  the  fascia  and 
akin,  the  external  confignration  of  the  chest  is  very  ma- 
terially modified.  The  outward  projection  of  the  shoulders, 
more  especially  in  men,  causes  the  transverse  diameter  to 
be  greater  at  the  upper  part  of  the  chest  than  lower  down ; 
and  the  pectoral  and  scapular  muscles  add  materially  to 
the  thickneas  of  the  anterior  and  posterior  walls  of  the 
chest  In  order  to  assist  in  localising  precisely  the  position 
of  the  important  organs  within  the  chesty  it  is  customary 
to  map  oat  the  surface  of  the  integument  into  certain  areas 
or  regions,  and  to  apply  to  these  regions  descriptive  names. 
Thus,  the  region  corresponding  to  the  sternum  is  the  demal 
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region,  and  it  is  divided  into  an  upper  stemal  and  dijower 
sternal  by  a  line  drawn  across  the  front  of  the  bone  on  a 
level  with  the  upper  border  of  the  third  pair  of  costal  car- 
tilages. The  fossa  immediately  above  the  manubrium  stemi 
is  the  epi^  or  supra-sternal  fossa.  The  region'corresponding 
to  the  inner  half  of  the  clavicle  is  the  clavicular  region : 
that  which  lies  immediately  above  it  is  the  supra-damcular 
region,  and  that  which  extends  downwards  from  the  clavicle 
to  the  lower  border  of  the  third  rib  is  the  infra-davicidar 
region.  The  region  which  extends  from  the  lower  border 
of  the  third  rib  to  the  lower  border  of  the  sixth  rib  is  the 
mammary  region,  and  that  which  extends'down wards  from 
the  lower  border  of  the  sixth  rib  to  the  inferior  limit  of 
the  thoracic  wall  is  the  infra-mammary.  The  clavicular, 
infra-clavicular,  mammary  and  infra-mammary  regions 
are  bounded  internally  by  a  line  corresponding  to  the 
outer  border  of  the  sternum,  and  extemaUy  by  a  line 
drawn  vertically  downwards  from  the  middle  of  the  clavicle 
to  the  inferior  limit  of  the  thoracic  walL  In  the  mammaiy 
region  are  situated  the  manmiary  gland  and  nipple.  In 
women  the  mamma  occupies  almost  the  whole  of  the 
mammary  region,  and  the  nipple  usually  lies  superficial  to 
the  fifth  rib,  and  about  4^  inches  from  the  middle  line  of  the 
sternum.  In  men  the  mamma  is  a  rudimentary  organ,  and 
the  position  of  the  nipple  is  more  variable.  Luschka  found 
in  60  men  examined,  that  it  was  placed  44  times  between 
the  fourth  and  fifth  ribs,  6  times  on  the  fifth  rib,  8  times 
on  the  fourth  rib,  and  twice  between  the  fifth  and  sixth 
ribs  ',  whilst  Gruber  found  it  in  95  males,  43  times  on  the 
fifth  rib,  31  times  on  the  fourth  intercostal  space,  12  times 
on  the  fourth  rib,  and  9  times  on  the  fifih  intercostal 
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^aoe»  It  YarieB  also  in  poaition  on  the  two  aides  of  the 
aame  cheat  Am  a  rule,  it  liea  in  men  aboat  3f  inches 
from  the  middle  line  of  the  sternum. 

At  the  lateral  wall  of  the  chest  are  the  azillaiy  and 
infia-axiUaiy  regiona  The  axillary  extends  from  the 
apex  of  the  axilk  to  a  line  corresponding  to  the  lower 
bonder  of  the  sixth  rib ;  and  the  infraroxillary  from  that 
line  to  the  edge  of  the  false  ribs,  where  thej  limit  the 
thoneic  wall  inf eriorly. 

Several  regions  are  placed  on  the  posterior  wall  of  the 
diest  The  $capular  region  corresponds  to  the  scapula, 
and  in  its  vertical  diameter  reaches  from  the  second  to  the 
seventh  or  eighth  rib  :  the  i^fra'Scapular  region  extends 
from  the  inferior  angle  of  the  scapula  to  the  twelfth  rib : 
the  uUer^seapular  region  lies  between  the  vertebral  borders 
of  the  two  scapulsd ;  it  varies  in  its  transverse  diameter 
with  the  position  of  the  arms ;  for,  when  they  are  drawn 
forwaidi,  the  vertebral  borders  of  the  two  scapulas  are 
further  asunder,  thaOi  when  the  arms  hang  pendulous  at 
the  sides,  or  are  pushed  backwards :  the  iupra-tcapular 
region  extends  from  the  upper  border  of  the  scapula  to  a 
little  above  the  level  of  the  first  rib.  The  size  of  both  the 
supra-scapolar  and  infra-scapular  regions  is  modified  with 
the  elevation  or  depression  of  the  shoulders. 

The  portion  of  the  anterior  wall  of  the  chest  which  lies 
siqwrficial  to  the  heart  is  called  the  cardiac  region.  It 
eompritfBS  the  whole  of  the  lower  sternal  region  and  por- 
tiona  of  the  right  and  left  mammaiy  regions.  Owing  to  the 
greater  portion  of  the  heart  being  situated  to  the  left  than 
to  the  right  of  the  mesial  plane  of  the  thoracic  cavity,  it 
projects  more  into  the  left  than  into  the  right  mammary 
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region.  The  right  ventricle  corresponds  to  the  lower  steraal 
region,  but  on  the  one  side  passes  slightly  into  the  right 
mammary  region,  and  on  the  other  more  extensively  into 
the  left  mammary.  The  right  auricle  is  also  in  the  right 
mammary  and  lower  sternal  regions,  but  the  left  auricle 
and  ventricle  correspond  to  the  left  mammary  region. 
The  vertical  diameter  of  the  cardiac  region  is  from  the 
level  of  the  upper  border  of  the  third  pair  of  costal  carti- 
lages to  that  of  the  sixth  pair ;  its  transverse  diameter  is 
from  a  line  somewhat  internal  to  the  left  nipple  to  a  fingers 
breadth  to  the  right  of  the  sternum.  The  relations  of  the 
aortic  and  auriculo-ventricular  openings  to  the  wall  of 
the  chest  has  already  been  given  on  p.  407.  It  may 
further  be  stated,  that  the  relation  of  the  heart  to  the 
v.'alls  of  the  thorax  varies  slightly  with  the  position  of  the 
body,  with  the  quantity  of  blood  in  the  heart,  and  with 
the  stage  of  the  respiratory  process.  In  a  full  inspiration 
the  heart  is  depressed  about  half  an  inchy  owing  to  the 
descent  of  the  diaphragm. 


The  Windpipe. 

The  Windpipe  is  the  tube  which  transmits  the  atmo- 
spheric air  from  the  pharynx  into  the  lungs.  It  is  divided 
into  the  larynx,  the  trachea,  and  the  two  bronchi  As  tlie 
larynx  has  been  described  in  Chapter  VIIL,  the  trachea 
and  bronchi  now  require  description. 

The  Trachea  is  situated  in  the  middle  of  the  anterior 
part  of  the  neck,  and  in  the  upper  part  of  the  back  of  the 
thoracic  mediastinum.     It  is  continous  above  with  the 


crieoid  cartilage  of  the  laiynz,  uid  extends  trom  oppoeite 
the  body  of  the6tbcemcalvertebiatothelerelof  thebodj 


of  the  4th  or  ■ometimM  the  5th  donal  Tertebn,  when  it 
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bifurcates  into  the  two  bronchial  tubes.*  It  is  between  four 
and  five  inches  long,  and  is  nearly  an  inch  in  its  greatest 
width.  Anteriorly  and  laterally  it  is  cylindrical  in  form,  but 
it  is  flattened  on  its  posterior  surface.     It  corresponds  to  the 
supra-  or  epi-  sternal  fossa  in  the  neck,  and  to  the  inter- 
scapular region  on  the  posterior  surface  of  the  chest,  on  a 
level  with  the  upper  4  or  5  dorsal  vertebrae.     In  the  neck 
it  has  anterior  to  it  the  sterno-hyoid  and  stemo-thyroid 
muscles,  cervical  fascia  and  skin;  opposite  its  third  and 
fourth  rings,  it  is  crossed  by  the  isthmus  of  the  thyTt>id 
body,  and  in  front  of   the   lower  rings  are  the  inferior 
thyroid  veins  :  at  its  sides  are  the  common  carotid  arte- 
ries,  lateral   lobes   of   the   thyroid  gland,  and  recurrent 
laryngeal  nerves ;  behind  it  is  the  (Bsophagus.     In  the 
thorax  it  lies  behind  the  manubrium  stemi,  the  sterno- 
hyoid, and  the  sterno-thyroid  muscles,  the  fatty  remains  of 
the  thymus  gland,  the  left  innominate  vein,  the  transverse 
part  of  the  aortic  arch,  the  origins  of  the  innominate  and 
left  common  carotid  arteries,  and  the  deep  cardiac  plexus 
of  nerves  ;  on  each  side  is  the  pleural  membrane,  bat  in 
addition  on  the  right  side  is  the  termination  of  the  inno- 
minate artery,  and  on  the  left  side  are  the  left  common 
carotid  and  subclavian  arteries,  and  the  left  vagus  with 
its  recurrent  branch  :  behind  is  the  oesophagus. 

The  Bronchi  are  two  in  number,  a  right  and  a  left 

*  Many  ilescriptive  >%Titer8  state  that  the  trachea  extends  from  the 
6th  cervical  to  the  3d  dorsal  vertebra.  The  observations  of  Braune, 
on  sections  through  tlic  neck  in  frozen  bodies,  show  that  the  cricoid 
cartilage  lies  opposite  the  6th  cervical  vertebra.  The  bifurcation  alio 
takes  idace  lower  down  than  the  3d  dorsal  vertebra.  But  it  should  be 
remembered  that  the  j)osition  of  the  trachea  is  modified  by  chanj¥s  la 
the  po>itioii  of  the  head.  When  the  head  is  thrtiwn  back  the  tnu'teft 
is  drawn  up  ;  wlieu  the  chin  is  approximated  to  the  ateniuni  the 
trachea  is  de])ressed. 
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They  proceed  from  the  bif arcatiou  of  the  trachea,  and  pees 
obliquely  downwards  and  ontwaids  to  the  roots  of  their 
respeetiye  lungs.  The  left  bronchna  is  longer  and  more 
oUiqae  than  the  right,  and  enters  the  back  of  the  root  of 
the  left  long;  below  the  pulmonary  artery,  bat  above  the 
pulmonary  vein.  Hie  right  bronchus,  though  shorter,  is 
wider  than  the  left,  and  enters  the  back  of  the  root  of  the 
right  lung  aboTe  the  pulmonary  artery.  The  Tena  acygos 
arches  forwards  immediately  above  the  right  bronchus  to 
join  the  superior  cava ;  whilst  the  left  bronchus  lies  within 
the  arch  of  the  aorta.  In  the  angle  formed  by  the  bifur* 
cation  of  the  bronchi  is  a  cluster  of  lymphatic  glands. 
The  bronchi  correspond  to  the  interscapular  region  on  the 
posterior  surface  of  the  thoracic  wall,  on  a  level  with  the 
fifth  and  sixth  dorsal  vertebra. 

Strtteture  o/tke  Trachea, 

The  wall  of  the  trachea  Js  formed  of  cartOage,  fibio- 
elastie  membrane,  muscular  tissue,  a  submucous  coat,  and 
a  mueous  membrane.  Hie  eourtUagt  is  arranged  in  the 
form  of  imperfect  rings,  from  sixteen  to  twenty  in  num- 
ber, separated  by  narrow  intervals.  Each  ring  is  about  two- 
thirds  of  a  Girde,  and  is  placed  at  the  front  and  sides  of 
the  trachea,  but  is  absent  posteriorly  (fig.  161).  Some- 
times a  cartilage  divides  into  two  branches,  at  other  times 
two  adjacent  cartilages  fuse  together  at  their  posterior  ends. 
The  lowest  tracheal  cartflage  has  a  process  prolonged  back- 
wards, at  the  angle  of  bifurcation  into  the  two  bronchi. 

The  Jibro-eUuUe  membrane  connects  together  the  upper 
and  lower  borders  of  adjacent  cartilages,  also  the  upper 
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:lr  "ST::!!  ,!  ilr  tTiiiici  T- .^teriorlv  bv  i>i55iDj  between  the 
:  :-:cr.  r  eLi=  •::  zzi  cam.ijinoiis  nncs. 

Tic  i-  ;  •  -  •  .*^  r  €'.T.<iszs  of  non-stri{»ed  tibres,  wliicli 
lie  :l  :hc  Tvitcrl-.T  will  of  the  trachea,  under  cover  of  tht^ 
d'Lr.—jli^::;  ci'ErL.triLe.  They  pass  for  the  most  part 
triL-rv-.-r>cly.  aL-i  n.-:  ••L.ly  extiriiJ  between  the  posterior 
►::..:-  •::  the  c^rtili^iiious  nnj.-.  but  lie  also  opposite  tlit- 
ii^t-rr.-;.!-  Ict'-veen  thcUL 

TLc  >'';^  ','.*  ry^f/  15  distini:ui>hed  bv  containinii, 
t:-' -Lilly  in  tL-j  p  -terior  wall  of  the  trachea,  longitudinal 
bui.  il--  *A  ela.-tic  £bre>.  In  this  coat  are  situated  uuraer- 
".'•i^  cvHii'viind  racenit'se  dands.  the  branches  of  which  or. 
s-jiti-ii  are  like  cvlindrioil  tubes  :  thev  are  lined  bv  a 
«.  luii^Lir  epithvlium,  and  the  excretury  duct  opens  on  the 
i?'^^  surface  el  the  mucous  membrane. 

The  ih'.i'-onA  i/i^T/J'/'riJie  lines  the  inner  surface  of  the 
tr  ichea,  and  is  tlevatud  on  the  posterior  wall  into  longi- 
tudinal fuld^,  which  correspond  to  the  bundles  of  ela^lic 
tiltio^  in  the  submucous  coat.  The  free  surface  of  the 
muL'ous  membrane  is  covered  by  a  layer  of  ciliated  colum- 
nar epithelium,  amidst  which  goblet-shaped  cells  are  inter- 
spersed. Between  the  deeper  ends  of  the  ciliated  epi- 
thelium, smaller  spindle-shaped,  or  rounded,  cells  are  found 
in  considerable  numbers.  Deeper  than  the  epithehum  is 
a  muscular  layer,  the  muscularis  mucos^-e.  Lymphoid 
tissue  is  also  found  diffused  throughout  the  sub-epitheluil 
tissue  of  the  mucous  membrane,  and  occupying  the  intervals 
between  the  vesicles  of  adjacent  racemose  glands. 

The  trachea  is  supplied  wdth  blood  by  branches  from  the 
laryngeal  branches  of  the  inferior  thyroid  arteries.    Ij^ 
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phatic  vesselB  form  plexuses  in  the  mucous  and  submucous 
coats.  Fine  noFves,  derived  from  the  pneumogastric  and 
Bjrmpathetic,  are  distributed  to  it,  in  connection  with 
which  microscopic  ganglia  have  been  seen. 

The  Pleurs. 

Each  lung  is  situated  in,  and  occupies  the  greater  part  of, 
one  lateral  half  of  the  cavity  of  the  thorax.  It  is  in- 
vested by  a  serous  membrane,  the  Pleura;  and  the  waU  of 
the  chestybounding  the  space  in  which  the  lung  is  contained, 
LB  lined  by  a  prolongation  of  the  same  serous  membrane. 
Like  the  serous  membranes  elsewhere,  the  pleura  consists, 
therefore,  of  a  trUceral  part  investing  the  organ,  and  a 
parietal  part  lining  the  wall  of  the  cavity  in  which  the 
organ  is  lodged.  The  pleural  investment  of  the  lung  is 
called  the  pulmonic  pleura.  The  pleural  lining  of  the  cavity 
has  different  names  applied  to  different  portions  of  its  ex- 
tent. That  which  lines  the  inner  surface  of  the  ribs,  costal 
cartilages,  and  intercostal  muscles,  is  the  costal  pleura; 
that  which  covers  the  upper  surface  of  the  diaphragm  is 
the  diaphragmatic  pleura :  that  which  is  prolonged  for 
one  inch,  or  rather  more,  above  the  level  of  the  first  rib 
into  the  root  of  the  neck,  is  the  cervical  pleura  ;  that  which 
covers  the  lateral  surface  of  the  pericardium,  and  forms  the 
lateral  boundary  of  the  mediastinum,  is  the  mediastinal 
pleura  ;  whilst  a  fold  of  the  pleura,  prolonged  downwards 
from  the  root  of  the  lung  to  the  diaphragm,  forms  the 
broad  ligament  of  the  lung,  ligamewtum  latum  pulmonis. 
These  several  terms  simply  express  topographical  divisions 
of  one  and  the  same  membrane  :  thus  the  pleura  costalis 
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is  continuous  above  with  the  cervical  pleura,  and  below 
with  the  diaphragmatic  pleura.  Where  the  costal  cartilages 
articulate  with  the  sternum,  the  costal  pleura  comes  in 
contact  with  the  back  of  that  bone,  and  is  then  reflected 
backwards,  sls  the  mediastinal  pleura,  on  the  outside  of 
the  pericardium,  from  which  it  is  prolonged  in  front  of  the 
root  of  the  luug  to  become  continuous  with  the  pulmonic 
pleura.  Where  the  ribs  articulate  behind  with  the  spine, 
the  pleura  is  prolonged  on  the  sides  of  the  vertebral  bodies, 
from  which  the  right  pleura  is  reflected  forward  on  the 
back  of  the  root  of  the  lung,  to  become  continuous  with 
the  pulmonic  pleura,  but  the  left  pleura;  before  it  reaches 
the  back  of  the  root  of  its  lung,  is  prolonged  over  the  left 
aspect  of  the  descending  thoracic  aorta. 

The  cervical  prolongation  of  the  pleura  forms  the 
dome-shaped  summit  of  the  parietal  pleura.  It  corre- 
sfH^nds  to  the  apex  of  the  lung,  and  is  in  relation  by  its 
outer  surface  to  the  scalenos  anticus  muscle  and  the  sub- 
clavian artery. 

The  parietal  part  of  the  right  pleura  is  more  extensive 
than  that  of  the  left,  for  not  only  does  it  pass  behind  the 
sternum  up  to  the  mesial  line  of  that  bone,  or  sometimes 
even  to  the  left  of  that  line ;  but  owing  to  the  greater 
projection  of  the  heart  to  the  left  than  to  the  right  of 
the  mesial  thoracic  plane,  it  covers  a  larger  proportion  of 
the  upper  surface  of  the  diaphragm.  The  costo-parietal  part 
of  the  left  pleura,  again,  whilst  it  reaches  the  left  border 
t»f  the  u}4)er  part  of  the  sternum,  does  not  pass  so  far  for- 
ward as  the  lower  part  of  the  body  of  that  bone.  The 
costal  pleune  do  not  reach  quite  so  far  down  as  the  costal 
origins  of  the  diaphragm,  so  that  these  origins,  as  well  as 
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the  surface  of  the  diaphragm^  to  which  the  pericardium 
IB  attached,  are  not  covered  by  the  pleural  membranes. 

The  two  pleural  membranes  are  perfectly  independent  of 
each  other,  and  although  they  both  extend  towards  the 
mesial  plane  of  the  thorax,  they  do  not  come  in  contact 
with  each  other,  except  in  some  cases,  where  they  touch 
immediately  behind  the  body  of  the  sternum.  The  Id- 
tenral  between  the  two  pleural  membranes  occupies  the 
mesial  plane,  or  stemo-vertebnd  diameter  of  the  thoracic 
cavity,  and  is  named  the  mecUcuHnum,  mediastinal  tpace^ 
or  interpleural  space.  The  mediastinum  is  bounded  late- 
rally, therefore,  by  the  two  pleurae ;  it  is  not  an  empty 
space,  but  is  occupied  by  the  heart  and  pericardium,  and 
by  certain  structures  situated  both  in  front  of  and  behind 
the  pericardium.  The  heart  and  pericardium  fill  up  the 
greater  portion  of  the  interpleural  space,  and  the  region 
they  occupy  is  called  the  middle  mediastinum.  Owing  to 
the  projection  of  the  heart  to  the  left,  the  nuddle  mediasti- 
num extends  more  to  the  left  than  to  the  right  of  the  mesial 
plane.  As  the  phrenic  nerres  lie  between  the  sides  of 
the  pericardium  and  the  mediastinal  pleura,  they  are  also 
placed  in  the  middle  mediastinum.  The  narrow  interval 
between  the  front  of  the  pericardium  and  the  back  of  the 
sternum  is  the  anterior  mediastinum^  which  inclines  from 
above  downwards  to  the  left  of  the  mesial  plane.  It  con- 
tains the  left  triangularis  stemi  muscle,  tbe  origins  of  the 
stemo-hyoid  and  stemo-thyroid  muscles,  in  the  infant  and 
child  the  thymus  gland,  and  in  the  adult  the  lobes  of  fat 
into  which  the  gland  has  degenerated ;  also  some  loose 
areolar  tissue.  The  wider  interval  between  the  back  of 
the  pericardium  and  the  front  of  the  bodies  of  the  vertebrae 
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F:o.  ]«9  —View  of  tb«  St«no-TeTt«bnl  ngfon  of  the  chert,  or  the  Medlettlniim 
TiMncis.  S,  etenrnm;  D,  diaphragm;  cm  to  VII,  oerrlcalTortehnB  ;DI  to  X, 
donel  Tertobne ;  am^  anterior  medlaethnixn ;  pm^  posterior  modlaatliiuin ;  m, 
•■perior  medUfttDnm.  The  middle  medfaiHnnm  is  occapled  hj  the  pericsr- 
dlam,  pr^  end  bjr  the  heart,  of  which  the  following  parts  are  shown ;  ro,  right 
amide ;  ra,  right  Tentride ;  la^  left  amide ;  m,  superior  rena  cara ;  <e,  inferior 
Tena  eaTa;  a,  ascending  aorta;  ai,  innominate  arterj;  jni,  right  branch  of 
pulmODarj  artery.  In  the  posterior  mediastinom  are  shown  da^  desoend- 
tng  thwadc  aorta;  m,  Tenaasygos;  /d,  thoradc  dnet;  a,  asophagvs.  tr^ 
Mwbea;  v^  left  innominate  Teln ;  «<,  stemo-hjold  and  stemo-thyoid  mnsdea. 
^  pharynx;  f,  thyroid  cartilage;  c^  crloold;  4^; epiglottis;  A,hyoid  bone;  tf, 
isthmw  of  thyroid  body ;  X,  Ilrer. 
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is  xhe  jr<^fr{'yr  media ftijium.  It  contains  the  descending 
thcracic  aorta,  the  oesophagus,  and  nervi  vagi,  the  vena 
azYg»:»Ss  thoracic  dnct  with  lymphatic  glands,  and  the 
splanchnic  nerves.  As  the  pericardium  does  not  extend 
so  hi^h  as  the  level  of  the  top  of  the  sternum,  the  inter- 
pleiiral  space  between  the  manubrium  stemi  and  the  higher 
dors^il  vertebrae  lies  above  the  pericardium,  and  J.  Struthers 
has  suggested  that  the  name  9U}>er%or  mediastinum  should 
be  given  to  it  It  contains  the  two  innominate  veins,  the 
innominate,  left  common  carotid,  and  left  subclavian 
arteries,  the  upper  thoracic  portion  of  the  phrenic,  pneumo- 
gastric  and  cardiac  nerves,  a  part  of  the  left  recurrent 
laryngeal  nerve,  the  trachea,  and  the  upper  thoracic  part 
of  the  cesophagus  and  thoracic  duct 

The  pleura,  like  other  serous  membranes,  possesses  two 
surfaces,  an  attached  surface  and  a  free  surfac&  By  its 
attached  surface  the  pleura  is  connected  by  areolar  tissue  to 
the  ribs,  intercostal  muscles,  diaphragm,  pericardium,  and 
lung.  The  free  surface  of  the  parietal  pleura  is  smooth, 
and  in  apposition  with  the  corresponding  free  surface  of 
the  pulmonic  pleura.  These  two  free  surfaces  gUde  on 
each  other  as  the  lungs  and  thoracic  walls  rise  and  fall 
during  inspiration  and  expiration ;  and,  as  the  surfaces  are 
lubricated  by  a  little  serous  fluid,  the  movement  is  faci- 
litated. This  fluid  occupies  a  scarcely  appreciable  interval 
between  the  free  surfaces  of  the  parietal  and  visceral 
pleura?,  which  interval  forms  the  so-called  pleural  cavity. 
The  pleural  cavity  becomes  distinct  when  any  cause 
oi)erates  to  push  the  lung  from  the  wall  of  the  chest;  such 
as  the  introduction  of  air  into  the  pleural  cavity,  either 
through  an  external  wound,  or  from  rupture  of  the  lung ; 
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or  the  effusion  of  fluid  into  the  cavity,  in  the  course  of 
inflammation  of  the  pleuxa ;  either  of  these  causes  would 
push  the  lung  backwards  towards  the  spine,  and  occasion  a 
great  interval  between  the  pulmonic  and  parietal  parts  of 
the  pleura.  But  even  in  the  healthy  chest  a  modification 
in  the  relations  of  the  pulmonic  to  the  parietal  pleura  takes 
place  in  some  localities.  For  as,  during  expiration,  the 
long  does  not  pass  either  so  far  forwards  or  downwards,  as 
during  inspiration,  the  lung  leaves  the  parietal  pleura 
along  its  line  of  reflection  from  the  ribs  to  the  diaphragm, 
and  from  the  sternum  to  the  side  of  the  pericardium,  so 
that  at  the  end  of  an  expiration  the  smooth  surface  of  the 
diaphiagmatio  and  the  mediastinal  pleura  is  in  apposi- 
tion along  these  lines  with  the  smooth  surface  of  the  costal 
pleura. 

Tlie  pleura  is  supplied  with  Uood  by  the  intercostal, 
internal  mammary,  and  bronchial  arteries,  which  ramify  in 
the  snb-endothelial  layer  of  connective  tissue.  Lymphatic 
vessels  form  fine  networks  in  the  same  layer,  and  commu- 
nicate through  microscopic  stomata  with  the  pleural  cavity. 
Nerves  pass  to  the  pleura  both  from  the  phrenic  nerve  and 
from  the  thoracic  ganglia  of  the  sympathetic  cord. 

It  is  not  uncommon  to  find  along  the  line  of  reflection 
of  the  pleura  from  the  ribs  to  the  diaphragm,  and  from 
the  di^hragm  to  the  side  of  the  pericardium,  folds  of  the 
pleural  membrane  containing  lobules  of  fat ;  and  on  the 
eostal  waU  of  the  chest  large  lobules  of  fat  are  often 
developed  beneath  the  parietal  pleura.  These  folds  have 
been  called  pieural  villiy  and  they  resemble  the  appendices 
epiploice,  to  be  afterwards  described,  in  the  abdominal 
cavity. 


The  Lungs  are  two  in  number  and  are  situated  one  in 
■ach  cavity  of  the  thorax.     E    h  i     g  is  Ily  d        Id 
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apper  surface  of  the  diaphragm,  and  reaches  much  lower 
down  behind  than  in  front:  the  apex  is  rounded,  and 
reaches  into  the  root  of  the  neck  from  one  inch  to  one  and 
ft  half  inch  above  the  first  rib.  The  external  or  codal  iur- 
face  is  mnch  the  larger  of  the  two  surfaces ;  it  is  convex, 
and  adapted  to  the  curvature  of  the  ribs  :  the  uUemcU  or 
mediattinal  surface  b  concave,  and  adapted  to  the  convex 
lateral  surface  of  the  pericardium;  about  the  middle  of 
this  surface,  but  much  nearer  to  the  posterior  than  to  the 
anterior  border,  is  situated  the  root  of  the  lung.  The 
anterior  or  Memal  border  is  thin,  and  fits  in  between  the 
back  of  the  sternum  and  the  froat  of  the  pericardium :  the 
posterior  or  vertebral  border  is  thick  and  rounded,  and 
occupies  the  deep  hollow  at  the  side  of  the  vertebral 
bodies;  this  border  possesses  a  longer  vertical  diameter 
than  any  other  part  of  the  lung.  The  inferior  or  dia. 
phroffmatic  border  forms  the  boundary  between  the  base 
and  the  external  and  internal  surfaces  of  the  lung :  in  the 
greater  part  of  its  extent  it  fits  between  the  ribs  and  the 
costal  origins  of  the  diaphragm.  On  all  its  aspects  the 
exterior  of  the  lung  is  in  close  relation  to  the  parietal  pleura, 
which  relation  it  always  preserves  in  the  healthy  chest, 
as  it  rises  in  inspiration,  or  falls  in  expiratioo.  The  con- 
tact of  the  lung  with  the  parietal  pleura  is  ensured  by  the 
pressure  of  the  column  of  air  in  the  windpipe  and  air-cells. 
Each  lung  is  divided  into  two  lobes  by  a  deep  fissure, 
which,  beginning  at  the  posterior  border  about  three  inches 
below  the  apex,  and  on  a  level  with  the  vertebral  end  of 
the  third  rib,  extends  through  its  substance,  obliquely 
downwards  and  forwards,  as  far  as  the  anterior  border,  or 
the  anterior  end  of  the  inferior  border.    The  upper  kbe  is 
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smaller  than  tiie  lower  lobe^  and,  from  the  direction  o£  ti- 
obliqne  fissnre,  lies  both    above    and    in   fraot  d  '^ 
The  apez  and  the  whole,  or  the  greater  put,  <^  ^' 
anterior  border  belong  to  the  upper  lobe:  the  gmter  pr 
of  the  posterior  border  and  of   the  base   to   the  l:*-- 
lobe.     In  the  right  lang  a  second  fiasure,  which  doe^c-* 
exist  in  the  left  lung,  ia  also  present.     It  comasfews  ^ 
the  oblique  fissure,  runs  almost  horizontally  iijxwvci : 
the  anterior  border  of  the  lung,  and  separates  the  k? ' 
part  of  the  upper  lobe  as  a  distinct  lobe,  called  the  diH  ' 
middle  lobe  of  the  right  lung.     The  right  lung  i^  ^*- 
further  distinguished  from  the  left  bjr  beii^  more  i 
lowed  out  at  its  base,  owing  to  the  ardi  fonned  br  * 
right  half  of  the  diaphragm  being  higher  than  that  M  i. 
left,  so  that  the  vertical  diameter  of  the  right  mz.t^ 
long  as  that  of  the  left  lung.     But  the  tranavetae  di^n'--' 
of  the  right  lung  is  more  than  that  of  the  left,  k:  *^ 
greater  projection  of  the  heart  and  pericardium,  tc  'i 
left  than  to  the  right  of  the  mesial  plane,  causes  tbr  z:^- 
astinal  surface  of  the  left  lung  to  be  mora  coneaw  ti- 
the corresponding  surface  of  the  right  long.     The  sarr  * 
border  of  the  right  lung  is  much  more  neariystraiiiht  ::- 
that  of  the  left,  in  which  this  border  presents  a  aec:!-  * 
notch  below  the  level  of  the  fourth  rib^  which  con«e>-  - 
to  the  position  of  the  heart. 

The  lungs  have  extensive  relations  to  the  walb  vf  <: 
chest,  and  even  to  structures  at  the  root  of  the  seek.  T 
apex  of  each  lung  lies  in  the  supra-davieular  and  --"^ 
scapular  regions,  and  is  marked  by  a  slight  grc^^^  ' ' 
responding  to  the  position  of  the  subclavian  artefj.  *" 
which  it  is  separated  by  the  cervical  prolongation  .<  - 
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pleura.  The  bulk  of  the  upper  lobe  is  placed  in  the  clavi- 
cular,  infra-clayicular,  mammary,  axillary,  and  scapular 
regions.  The  middle  lobe  of  the  right  lung  is  in  the  right 
mammary  region.  The  lower  lobe  of  each  lung  is  in  the 
infra*mammary,  infra-axillary,  scapular,  and  infra-scapular 
regions.  The  anterior  border  of  each  lung  overlaps  the 
front  of  the  pericardium,  and  extends  into  both  the  upper 
and  lower  sternal  regions,  but  the  anterior  border  of  the 
left  lung  does  not  pass  so  far  into  the  lower  sternal 
region  as  the  corresponding  border  of  the  right  lung.  The 
posterior  borders  of  the  two  lungs  lie  in  the  interscapular 
region.  During  inspiration  the  anterior  border  passes 
further  forwards  into  the  upper  and  lower  sternal  r^'ons 
than  during  expiration,  and  the  base  of  each  lung,  with 
the  descent  of  the  diaphragm,  extends  further  down  into 
tiie  infra-mammary,  infraraxillary,  and  iofrarscapular 
regions.  As  the  base  of  the  lungs  rests  on  the  diaphragm 
they  are  necessarily  brought  into  relation,  through  that 
mosde,  with  yiscera  situated  in  the  costal  zone  of  the 
abdomen ;  thus  the  right  lung  is  in  relation  to  the  liver, 
and  the  left  lung  to  the  liver,  stomach,  and  spleen. 

The  Root  of  the  lung  is  composed  of  the  important 
ttnctoresy  which  pass  into,  or  emerge  from,  the  interior  of 
the  long.  It  consists  of  the  large  air  tube,  or  bronchus,  of 
the  pulmonary  arteiy,  and  the  pulmonary  veins,  the 
bronchial  artery  and  bronchial  vein,  the  pulmonary  nerves, 
the  pulmonary  lymphatic  vessels,  and  the  bronchial  lym- 
phatic glanda  The  bronchus  is  placed  at  the  back  of  the 
root  of  each  lung ;  in  the  root  of  the  right  lung  it  is  the 
highest  object,  but  in  the  root  of  the  left  lung  it  lies  below 
the  pulmonary  artery.     It  is  accompanied  by  the  bronchial 


artery  aud  vein,  by  uerves  and  lymphatics.    The  pulnn  • 
veiii«  lire  anterior  and  iuferior  to  the  pulmnnary  artery  ii 


fimt  of  iMfh  Inng.    Tho  iH>stcrior  pulmnnaiy  nervous  pleia 
lies  at  the  kick  nf  tht;  Muf,  aud  the  anterior  riilQion:ir 
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nervous  plexus  is  at  the  front  of  the  root  of  the  lung. 
Some  areolar  tissue  connects  these  various  objects  together, 
and  the  whole  are  surrounded  by  the  pleural  membrane,  as 
it  passes  from  the  region  of  the  mediastinum  to  become 
continuous  with  the  pulmonic  pleura. 

The  vena  azygos  arches  above  the  root  of  the  right  lung : 
the  aorta  above  that  of  the  left  The  phrenic  nerve  passes 
in  front  of  the  root  of  each  lung,  but  the  root  of  the  right 
tmg  has  also  the  superior  vena  cava  in  front  of  it  The 
nervus  vagus  descends  behind  the  root  of  each  lung,  but 
the  root  of  the  left  lung  has  also  the  descending  thoracic 
aorta  behind  it 

The  lungs  are  light,  spongy  organs,  and  contain,  after 
the  child  has  begun  to  breathe,  a  quantity  of  air,  so  that 
they  float  on  water.  When  roughly  handled  they  crepitate, 
or  emit  a  crackling  sound,  owing  to  the  air  being  squeezed 
out  of  the  air  vesicles  by  the  pressure  of  the  fingers.  Before 
the  birth  of  the  child  they  are  dense  and  compact,  and  sink 
in  water.  They  are  highly  vascular,  and  in  the  child 
possess  a  pink  colour.  In  the  adult  they  are  bluish-grey, 
or  slate-ooloured,  or  even  mottled  with  black  spots,  owing 
to  the  formation  or  deposition  of  colouring  matter  in  their 
substance.  Their  size  varies  not  only  with  the  period  of 
life,  but  with  the  degree  of  inflation  with  air.  Their 
weight  after  death  also  varies,  in  relation  to  the  amount 
of  blood  or  mucus  they  may  contain.  The  average  weight 
of  both  lungs  is  about  40  oz.,  and  the  right  lung  is  some- 
what heavier  than  the  left 
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SinirtHTf  of  tfuf  Lungs  and  Bronchi. 

The  Lung  is  composed  of  the  ramifications  of  the 
IrJucriLil  tucn?,  uf  its  terminal  apparatus  the  air-cells  or 
\  jlm-i'iiary  vesicles :  of  the  branches  of  the  pulmonary 
arteiy.  the  pulmonary  capillaries,  and  pulmonary  veins  :  of 
the  ramidcaiions  of  the  bronchial  artery  and  vein :  of 
Lerres  and  lymphatics.  These  several  structures  are  bound 
together  by  cv:»nnective  tissue,  and  the  entire  organ  is 
icvtrstcd  by  the  pulmonic  pleura. 

Thti  }'\:hnon\c  pltura  forms  the  external  or  serous  coat 
of  the  lung.  It  closely  envelopes  the  lobes  of  the  lung, 
and  gives  to  them  a  smooth,  glistening  surface.  The  free 
s'lrface  of  the  pulmonic  pleura  is  covered  by  a  single  layer 
of  endothelial  cells.  Klein  has  pointed  out  that  whilst 
the  endothelium  covering  the  costal  pleura  consists  of 
pjlygunal  scales,  like  those  of  serous  membranes  generally, 
the  cells  of  the  pulmonic  pleura  are  flattened  only  during 
inspiration  :  during  expiration,  again,  they  are  polyhedral, 
or  even  columnar,  their  contents  are  distinctly  granular, 
and  the  nucleus  is  more  spherical  in  shape.  The  sub- 
endothelial  tissue  of  the  pulmonic  pleura  consists  of 
bundles  of  white  fibrous  connective  tissue  intermingled 
with  elastic  fibres.  Klein  has  shown  that  in  some  animals 
more  especially  the  guinea  pig,  bundles  of  non-striped 
muscular  fibres  form  a  network  immediately  beneath  the 
sub-fuduthelial  connective  tissue. 

LJnihs  r>f  tht  Lung. — The  pulmonic  pleura  is  so  trans- 
lucent that  the  surface  of  the  lung  may  be  seen  tlirough  it 
to  be  map]>ed  out  into  multitudes  of  small  polygonal  areas. 
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the  lohaUt  of  tbe  lu»g.    These  lobalee  ua  not  limited  to 

the  surface,  but  are  found  in  great  numben  thronghout 

its  entire  snbstsnce,  where  they  are  so  closely  packed 

together  that  their  boundarios  are  indistinct.     The  Inng 

may  therefore  be  regarded  ae  bnilt  up  of  many  thousands 

of  h>bul«s.    In  the  human 

fcetna,  bat  more  readily  in 

f  (Stat  sheep  and  calves,  the 

lobnles    may    be   teased 

asunder    without    much 

difficulty,     by      tearing 

through  the  intermediate 

connective     tissue.       In  '''ri,"J-7h,;r,"''dirt;ion'ISo'L^b"l 

the  adult  lung  they  are     ^dSSi'KS'ill^'i^'iSJli^'i™ 

more    closely   united    to-     •«*•"*■   ""•"'i^ 

gether,  but  their  boundaries  are  often  rendered  distinct  by 

the  formation  of  pigment  in  the  intermediate  connective 

tisane.     The  lobnles  are  about  the  size  of  peas;  they  are 

irr^olariy  pear^haped,  the  broader  end  beiug  directed 

towards  the  surface  of  the  lung,  whilst  the  narrow  end 

receives  a  terminal  branch  from  the  bronchial  tube. 

The  eoKHeetive  tiatue  of  the  Inng  not  only  separates  the 
lobnles  from  each  other,  but  forms  a  layer  beneath  the 
pulmonic  pleura,  which  is  on  the  one  hand  continuous  with 
the  interlobular  connective  tissue,  and  on  the  other  with 
the  snI>«adotheIial  connective  tissue  of  the  pleura.  Con- 
nective tissue  also  snrraunds  the  bronchus  and  blood- 
veawls  at  the  root  of  the  lung,  and  is  prolonged  along  with 
the  Teaaela  and  bronchus,  as  their  tunica  adreotitia,  into 
the  Bubetance  of  the  organ,  where  it  becomes  continuons 
with  the  interlobular  connective  tisane.  The  interlobular 
2s 
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aiii  sub-plearal  connective  tissue  is  the  seat  in  the  adult 
lung  of  the  colouring  matter,  which  gives  the  lung  its  dark 
colour.  As  a  lobule  of  the  Inng  is  a  miniature  lung,  it 
consists  of  the  structures  which  characterise  the  lung 
itself. 

The  hnmrhial  tube,  before  it  enters  the  lung,  resembles 
in  form  and  structure  the  trachea.  After  it  has  passed  in 
at  the  root,  it  immediately  begins  to  divide  into  smaller 
bronchi.  The  process  of  division  and  sub-division  goes  on, 
usually  in  a  dichotomous  manner,  as  the  bronchi  extend 
into  the  lung  substance,  until  at  last  minute  bronchi  are 
produced,  which  j)ass  to  the  lobules  of  the  lung,  and 
are  called  lobuI<tr  IronrhUil  tubes  (fig.  173).  A  lobular 
bronchial  tube  divides  within  the  lobule  into  two  or  more 
terminal  branches,  which  end  by  dilating  into  a  number  of 
minute  chambers,  called  the  piflmonarp  vesirl(*s,  air-veidc/rs, 
ill V  oil ^  or  air-cell, i. 

The  larger  bronchial  tubes  within  the  lung  correspond 
^^euerally  in  their  structure  to  the  trachea,  though  with 
some  modifications  in  the  arrangement  of  the  constituent 
tissues.  The  airtilage  is  not  in  the  form  of  rings,  but  of 
irregularly-shaped  plates  arranged  at  intervals  around  the 
sides  of  the  tube,  which  is  cylindrical  in  form,  and  not,  lite 
the  trachea,  flattened  posteriorly.  These  plates  dindnish  in 
size  and  frequency  in  the  smaller  bronchi,  and  finally 
disappear  when  the  bronchi  attain  a  diameter  of  not  more 
than  about  Jgth  of  an  inch.  The  cartilaginous  framework 
in  both  the  bronchi  and  trachea  keei>s  the  air-tube  open, 
and  allows  the  free  ingress  and  egress  of  air.  The  tibrt- 
eUuticmembrdDd  connects  the  cartilaginous  plates  together  : 
it  diminishes  in  strens^th  and  thickness  as  it  extends  into 
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the  smaller  bronchi.     The  mv$eular  ttMut  forms  a  defiuite 
lajer  of  circaUr  fibres  arooDd  the  entice  broncbiiB  not  only 


Fto.  in.— Tin  windpipe  ln-\    Unici.     I.  I«ijiii:  T.  thjT-.id 


where  there  are  cartikginotu  plaiea,  but  id  f  je  iutervaU  be- 


-  "_r  Z- :  .  1^  :^f^":rjj:r:  ::  cisi:'j.»e-irs  iu  the 
~  :  _  .  v:-~c  -^'-  z.rzLz'iv  1/:  .ilir  j.sissages.  The 
-"■-  -:-:l-i'    f  iif  z-:ii*::il-r  :i-.-uearuund the  Wall 

-  ..::.-  .  rs  .1 :  .-.zjftt:::  :hc>c  ruc-es,  and  liiL^iify 
--    .   __-  _i:  .  izi.  1^5  -rjT^Tjs  :r.  31  tlie  air-ve>icle>. 

~  .•  z".i— .-^  -.ijT.tu  i.i.il  bundles  of  flu^tic 
.     .  :    :-  V  "1  -Ji,--e  iz  :lr  ir^cLcJL  :  thev  dimiiii>h 

m 

.     .  r-  1  -iz-^  1^  ilf  sr-  :V.ez  br-.-cchi  ;  but  elastic 

-  -~.  -.1  :^  tlf  -s-ill-  L  :  olIv  cf  the  ternnrial 

'1--  .  '.  —i.:  :r.-:liil  :u:-:^.  but  in  the  walls  uf 

-  -  -.      T.-f  :ris^~.^r  ».:  I.ii-nrudinal  bundles  «>:' 
- . :  _:  -_: ,  -5-^1  -  ::  :lr  cr.LcL;  and  trachea  eiiiible^s 

-  :     :•:  i^  -^I'cxi,  Azi  :c  revvQ  to  their  former 

-  ^  : :  1  :j  r  :.ti^..z  is  rts:  ?ved.  Racemose  elands 
' : :  ::.:>•  J^l'  li^^r.  l^twcrn  it  and  the  bronchial 
-.:::.:  ii.is  Tr.c^d  ir.Tii  them,  which  ['ierce 

..'  -i-^r.  -zi   :7tn  en  the  free  surface  of  the 

:.  :~i^T.      C-Ilcv*t:  us  of  Ivmphoid  tissue  are 

:  -I:   .-^-itvri-c  rlssue  iciniediately  external  to 

.r    l.":r.      Tif    •-.'«-.»-j«    mrmW'iH^   lines  the 

>  f    :  r  r  :!:-     I:  is  covered  on  its  free  surface 

-    :  rl  itc'I  ^:':in::ar  e:  itheiium.  amidst  which 

».  i   re  .Is  iTr  50i.ncr>fd  :  the  ciliated  epithelium 

.  :if  '  '.  iTiT  :r«:Lc2ii,  when  thev  besrin  to  form 

.<   ir  i  IS  r^:  lijei  by  a  tesselated  epithelium. 

":^-r:Jit<  ::  a  I«.'Cuiar  bronchial  tube  h»se 

-  -I  :.r:u  v!  :he  breach  us,  and  dilate  both  late- 
*.-:-  "  \".j  :^:o  the  i^'r-r-'-.V,  or  at'r-fYsiclfs.  The 
.:   i  r  Tts:/.es  sunx'unding  any  given  terminal 

-s  vV.'.ti  %  :  •^-;t'7 /.^f.'/^,  or  an  infnndiMdum 
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from  its  fannel-Bhaped  form,  whilst  the  lumen  of  the  ter- 
minal bronchus  is  named  the  lobular,  or  alveolar  passage 
The  relation  of  the  air  cells  to  the  lobular  passage  is  not 


Fio.  I74#  Scml-^UgTMnfttic  tongltadinal  Mctlon  thnmgh  an  Inrundibalum.  6, 
temilnal  tnronciiial  tabe;  <ft,  lobular  pu^age ;  vr,  Mir-veiicles ;  In  ir' the  na- 
cleat«d  daatic  membranoos  wall  of  a  veslde  ft  •hown  ;  a,  pulmonary  artery ; 
c,  c  pulmonary  caplUarlea;  tf*,  dilated  epitheliom;  ^  e,  teaaelated  epithelium 
lining  alr-««Us. 

unlike  that  of  a  number  of  small  chambers  opening  into  a 
common  corridor.  The  air-vesicles  have  an  average  dia- 
meter of  about  i^th  of  an  inch,  though  they  not  unfre- 
quently  are  larger  in  size,  and  are  always  bigger  at  the  end 
than  at  the  commencement  of  an  inspiration.  The  air- 
vesicles  in  the  same  infundibulum  are  separated  from  each 
other  by  septa,  or  partitions,  so  that  they  do  not  com- 
municate directly  with  each  other,  but  only  through  the 
common  corridor,  or  lobular  passage :  it  should  be  stated, 
however,  that  these  partitions  sometimes  break  down,  and 
permit  contiguous  air-vesicles  to  communicate.  The  air- 
cells  in  adjacent  infundibula  do  not  communicate  at  all, 
bat  are  separated  by  a  thin  layer  of  intermediate  connective 
tissue,  and  by  the  pulmonary  capillaries. 

The  structure  of  the  wall  of  the  air-vesicles  and  lobular 


fri^.,i.  I:i  viatic  tt^res  are  lii^ 
^z^  Ur  a:  the  l■.^;l■m  K.d  lo  iJr- 

iv  i.-riij^cent  an-'und  the  niicti 
;  (\ EJEiii^k-aies  iritli  tie  lili^j' 
»ue   permits   the  sir-veiiclfi!  t" 
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expand  during  inspiration,  and  to  recoil  during  expiration ; 
but  breathing  having  once  began,  the  air-vesicles  are  never 
empty  of  air,  F.  £.  Schulze  atatea  that  the  septa  between 
thoae  veaicles,  which  are  next  the  bronchial  tnbe,  contain 
non-striped  muscular  tissue,  which  is  absent,  however,  in 
the  proper  walls  of  the  alveoli. 

The  pulttumary  artery  enters  the  lung  at  its  root,  and 


rin  ITS— Thi<MUriarf>«<ir(irgatlli<IntaiiiUbii](lnftl..baleaft)Hliint.    B. 
UrtH;  V,  jHlmonrj  nlo. 

divides  and  subdivides,  without  anastomoses,  even  more 
frequently  Utau  the  bronchus,  which  it  closely  accom- 
paaiea.  Its  finer  branches  pass  to  the  lobules,  along 
with  the  lobular  bronchi,  and  within  the  lobules  end  in 
the  pulvKmary    eapiilarji  plexu$.      This    plexus  is  dis- 


i_*  A V 


.  :_t  z:r:-:l^i::  n^rH-irinc-os  w^Z  of  the  air- 

i  r.!^-— ir  irr-z.j-z>ri.;  :^.  .ii^i  lie  ei>u:Ls  of  the  air- 
I'z^.     Ii5   :•  ;^::^rLi  .•'.'" ^^-f-  are  Tery  Lre.  and  form 

._L^  .-  :ii  .:  :lf  I-  -:    tj^.:l^^  cf  ail  the  orjans.     The 

:-^^_! r.rs  lir  ;-r^^  -t^-v  t^Lrith  the  iinicg  epithelium 

.:  :ir  iir-veiiclr-?.  ^.^i.  5^^  s<:;ira:oi  bv  it  aI^.■ne  frt»m  the 
-ir  iz.  :ir  iir->-lli.  ihe  iL3i::Lic-^  arrunjcn  ent  being  such 
^  ::  :ic:l::^:c  tic  fLtcrelir.^e  *.»f  gases  t-etween  the  uir 
i^i  tie  'i\.*A  ;  :j  which  the  impure  venous  bk-^^i  of  the 
1  ..>'  :-Lj.nr  ^r: err  is  d:  nvered  into  pure  arterial  blood,  in 
-licl  state  i:  :^.ws  iii;^  the  pulmonanr  veins  back  to  the 

'     '  '        -  »      '    .    V     ^ 

Tl.e  :  -  ' . .  i :  -y  ifi:i4  arise  in  gres*:  f»art  by  small  rootlets 
:: .  L.  :'Le  x  ulz: :  nArv  car^illirv  plexus^  The  rx>llets frc>m  adja- 
czLt :  .ilii.-.  :.:*rv  infundibula,  and  lobules  unite  to  form  larjtrr 
T-ins,  wli:l  a'X:'m'^ony  the  pulmonary  artery  and  leave 
:1-  lu::g  at  the  roc-t  as  two  large  venous  trunks.  To  some 
cxtrLt  also  the  rv^jtlets  of  the  pulmonary  veins  aiise  frum 
a  c:.pi.!ary  p'ems  in  the  walls  of  the  finer  bronchi  derived 
frjm  the  IrjiiL-hial  anery.  The  most  superficial  twigs  uf 
tLe  pulm-jiiary  veins,  which  arise  from  the  capillar}" 
pUxus  on  the  air-vesicles  near  the  surface  of  the  lung, 
raiuifv  fur  s^i'Uie  distance  in  the  sub-serous  connective  tissue. 
when  they  either  join  the  pulmonary  vein  at  the  root  of  the 
lung,  or  sink  into  its  substance  to  open  into  some  of  the 
mure  deeply  placed  pulmonary  veins. 

The  hroii'^hial  or  nutrient  artery  of  the  lung  arises  either 
from  the  thoracic  aorta,  or  from  an  intercostal  artery,  and 
enters  the  lung  along  with  the  bronchial  tube.     It  is  in 
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part  diBtribated  to  the  lymphatic  glands,  connectiye  tissue, 
and  the  walla  of  the  great  vessels  at  the  root  of  the  lung: 
in  pari  it  accompanies  the  bronchial  tube,  aud  breaks  up 
into  small  arteries,  which  end  in  a  capillary  plexus  for  the 
supply  of  the  bronchial  mucous  membrane  and  the  race- 
mose glands  connected  with  it;  in  part  it  is  distributed  to 
the  interlobular  and  sub-serous  connective  tissue.  The 
o^>illaries  which  supply  the  finer  bronchi  communicate 
with  the  pulmonary  capillaiy  plexus,  and  with  some  root- 
lets of  the  pulmonaiy  vein,  so  that  this  plexus  and  the 
pulmonary  veins  can  be  injected  from  the  bronchial 
artery. 

Some  years  ago  I  injected  a  $upplementcny  set  of  nutrUiU 
arteries  for  the  lungs,  consisting  of  fine  branches  of  the 
internal  mammary  and  intercostal  arteries,  which  formed  an 
extra-pleural  plexus  under  the  mediastinal  pleura,  and  then 
passed  to  the  lung,  both  in  front  of  and  behind  the  root, 
as  well  as  between  the  folds  of  the  ligamentum  latum  pul- 
moniSb  Having  reached  the  lung,  som^  of  -these  branches 
entered  its  substance  along  with  the  bronchial  tube, 
whilst  others  ramified  in  the  subserous  connective  tissue. 
The  eztra-pleural  plexus  keeps  up  an  anastomosis  between 
the  arteries  of  the  lung  and  those  of  the  thoracic  walL 

The  l^ronekial  win  Is  situated  at  the  root  of  the  lung, 
and  receivea  venules  corresponding  to  branches  of  the 
brondiial  artery  distributed  to  both  the  superficial  and 
deep  parts  of  the  lung.  It  does  not,  however,  convey  all 
the  blood  which  the  bronchial  artery  has  carried  into  the 
lnng«  as  that  artery  also  communicates  through  its  capil- 
laries with  the  pulmonary  veins.  The  lymphatics  of  the 
lung  are  arranged  in  a  superficial  and  deep  set      The 
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Mij»ernci;U.  or  suh-j  hural  lymphatics,  form  a  network  be- 
lii-ath  ihe  j>Ieural  membrane,  and  communicate,  as  Klein  ha^ 
>liown,  with  the  pleural  cavity  through  microscopic  stomata 
Utween  the  endothelial  cells.  The  deep  lymphatics  arise. 
according  to  Klein,  in  two  localities.  First,  from  the  walL 
\,>i  the  air-ccils  bv  means  of  irresrular  lacunae  and  anastu- 
nuv^ing  canals,  which  give  origin  to  lymphatic  vessels,  that 
acvomjwny  the  pulmonary  artery  and  vein,  and  have  been 
callt'd  i^ni'iA'i'I'ir  lymphatics.  Second,  from  the  walls  of 
the  bix^nchi  bv  irreiiular  lacun«  and  anastomosing:  canals, 
>uuat<\l  both  in  the  mucosa  and  tunica  adventitia  of  the 
air-tul-e  :  they  give  origin  to  lymphatic  vessels,  and  fcmu 
a  network  in  the  adventitia  of  the  bronchi,  which  Klein 
:..i>  n.imed  the  jtri^'rourftial  lymphatics^  The  superlicial 
.i:;d  dct  p  lymphatics  enter  the  bronchial  glands  at  the  root 
vn*  the  luuiT. 

The  n'/'fY\<  of  the  lung  are  derived  from  the  pneumo 
CkStric  and  symixilhetic  branches,  from  which  form  at 
tl.e  rxvt  of  the  lung  the  anterior  and  posterior  pulmonic 
\  lfxus<5,  from  which  fine  nerves  pass  into  the  substance  of 
the  organ  with  the  brcmchus,  and  branch  and  are  distributed 
a.^ng  witL  it.  Kcmak  and  Julius  Arnold  have  both  de- 
scribed mi'jute  ganglia  on  the  course  of  these  nerves;  and 
W.  Stirling  hviS  recently  shown  that  microscopic  ganglia 
are  situated  on  the  liner  branches  of  the  nerves  which  lie 
:..  t:.o  walls  oi  the  bronchial  tubes. 


' 


CHAPTER    X. 
ORGANS  OF  DIGESTION. 


The  OrgaD8  of  Digestion,  Digestive  Apparatus  or  Chylo- 
poiettc  Viscera,  are  situated  in  the  axial  part  of  the  body. 
They  are  for  the  purpose  of  receiving  the  food,  or  aliment, 
of  converting  that  portion  of  the  food,  which  is  digestible, 
into  chyle,  so  that  it  may  be  absorbed  and  applied  to  the 
Dooriahment  of  the  body ;  and  of  transmitting  that  which 
is  indigestible  onwards  to  be  excreted  The  digestive 
organs  consbt  of  an  elongated  tube,  the  Alimentary  Canal ; 
f)f  numerous  Glands,  which  pour  their  secretions  into  the 
alimentary  canal ;  and  of  a  hard  masticatory  apparatus, 
the  Teeth. 

Alimbntabt  Canal. 

The  Alimentary  Canal  is  a  tube  about  28  feet  long, 
which  traverses  almost  the  entire  length  of  the  axial  part 
of  the  body.  In  man  and  all  other  vertebrates,  it  lies  in 
relation  to  the  ventral  surface  of  the  bodies  of  the  verte- 
bne.  It  commences  on  the  face  at  the  orifice  of  the 
mouth,  and  terminates  on  the  surface  of  the  lower  part  of 
the  trunk  at  the  orifice  of  the  anus.    It  is  divided  into 
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a  series  of  segmeDts,  or  compartments,  which  communi- 
cate with  each  other,  from  above  downwards,  in  the  longi- 
tudinal axis  of    the    ciinaL      These   compartments   are 
named  mouth,  pharynx,  oesophagus,  stomach,  small  intes- 
tine (subdivided  into  duodenum,  jejunum,  and  ileum), 
and  large  intestine  (subdivided  into  ooecum,  colon,  and 
rectum).     The  canal  is  lined  by  a   mucous   membrane, 
called  the  alimentary  mucous  membrane,  which  is  continu- 
ous with  the  nasal  mucous  membrane,  with  the  respiratory 
mucous  membrane,  and  at  the  anal  and  oral  orifices  with 
the  integument     Outside  this  mucous  membrane  is  the 
submucous  coat,  and  external  to  it  ia  the  muscular  wall  of 
the  canaL     By  the  contraction  of  the  muscular  wall  the 
food  is  propelled  along  the  canal  from  above  downwards. 
Opening  on  the  surface  of  the  mucous  membrane  are  the 
orifices  of  the  ducts  of  numerous  glands,  the  secretions  of 
which  mingling  with  the  food,  act  chemically  on  it,  so  as 
to  render  it  soluble  and  capable  of  being  absorbed. 
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THE  MOUTH. 

The  Mouth,  Oral  cavity,  or  Buccal  cavity,  is  the  dildtetl 
commencement  of  the  alimentary  canal,  in  which  the  food 
is  masticated  and  mingled  with  the  secretion  of  the 
salivary  and  mucous  glands.  It  is  situated  in  the  face, 
and  extends  from  the  lips  in  front,  to  the  pharynx  behind 
It  is  lx>unded  above  by  the  hard  and  soft  palate,  with  the 
uvula  ;  below  by  the  lower  jaw,  the  mucous  membrane  of 
the  floor  of  the  mouth,  and  the  tongue ;  on  each  side  by 
the  cheek  :  and  in  front  by  the  lips,  between  which  i^ 
the  aperture  of  coiumunication  with  the  surface  of  the 
face.  Behind  it  freely  communicates  with  the  pharj-nx 
through  the  isthmus  faucium,  posterior  buccal,  or  pharyngo- 
ural  oriticc. 

The  nm^cles  which  enter  into  the  formation  of  tlie 
walls  of  the  mouth  are  situated  in  the  lips,  cheeks,  flt.xT 
of  the  mouth,  tongue,  and  soft  palate. 

The  muscles  of  the  I.ips  are  as  follows  : — 
Orhinihnis,  or  Sjihincter  oris,  surrounds  the  orifice  of 
the  niuuth,  and  forms  a  large  part  of  the  muscular  sub- 
stitice  of  the  lips.  The  fasciculi  form  a  series  of  ellipses, 
of  which  those  next  the  margins  of  the  lips  are  finer  and 
paler  than  those  that  lie  further  from  the  margins.  The 
fasciculi  in  the  upper  lip  are  prolonged  into  tho^ie  in  the 
lower  round  the  corners  of  the  mouth.  The  outer  border 
of  the  muscle  blends  with  the  other  muscles  of  the  lips  : 
in  the  upper  lip  this  border  is  attached  by  a  slip  to  tlie 
septal  cartilage  of  the  nose,  and  by  two  other  slij>s  to  the 
incisive  fossie  in  the  upper  jaw ;  in  the  lower  lip  it  is 
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attached  by  two  slipe  to  the  lower  jaw  oppoaite  the  caniae 
teetL  The  sphincter  oris  approximates  the  lips  aod  closes 
tlie  mouth. 

Levator  oommunu  arises  from  the  upper  part  of  the 
nasal  process  of  the  superior  maxilla ;  it  descends  by  the 
side  of  the  nose  and  divides  into  two  slips,  the  one  of 
which  ends  in  the  ala  of  the  nose,  the  other  blends  in  the 
upper  lip  with  the  orbicularis  oris.  From  its  double 
insertion  and  action  this  muscle  is  often  called  levator 
labii  tuperiorU  alcBque  nasL 

Levator  labU  euperiarU  proprius  arises  from  the  supe- 
rior maxillary  and  malar  bones,  where  they  form  the 
lower  border  of  the  orbit ;  it  descends  into  the  upper  lip 
to  blend  with  its  muscular  fibres. 

Levator  angtUi  oris  arises  from  the  canine  fossa  of  the 
superior  maxilla:  it  passes  downwards  and  outwards  to 
the  angle  of  the  mouth  to  blend  with  the  otiier  muscles 
situated  there. 

Zygomatieu$  minor^  a  slender  muscle,  arises  from  the 
anterior  end  of  the  zygomatic  arch :  it  posses  down- 
wards and  forwards,  and  usually  joins  the  levator  labii 
anperioris. 

Zygomatieue  mqfor  arises  from  the  zygomatic  arch 
behind  the  minor :  it  passes  downwards  and  forwards  to 
the  angle  of  the  mouth. 

RUorius  muscle  of  Santorini  consists  of  scattered  fasci- 
culi, which  arise  from  the  fascia  covering  the  niasseter 
musde :  it  passes  transversely  inwards  to  the  angle  of  the 
month,  and  is  often  described  as  a  part  of  the  platysma. 

Depre$9or  labii  in/erioris  arises  from  the  front  of  the 
inferior  maxilla  between  the  Rymphysis  and  mental  fora- 


G 18  ANATOMY. 

men,  ascends  to  the  lower  lip,  and  blends  with  the  orbi- 
cularis oris.  From  its  four-sided  form  it  is  sometimes 
aiUed  the  q\iadratus  mtnti  muscle. 

D-i'rtMjr  aii'juU  oris  has  a  broad  origin  from  the 
external  oblique  line  of  the  lower  jaw ;  it  ascends  to  the 
angle  of  the  mouth,  where  it  blends  by  a  narrow  insertion 
with  the  other  muscles  which  pass  there.  From  its  form 
it  is  sometimes  called  trvmgularis  ans. 

L^V'itor  miiiti.  or  leintor  lahii  inferioris,  arises  from 
the  incisor  fossa  of  the  lower  jaw  :  its  fibres  radiate  down- 
wards and  forwards  to  end  in  the  skin  of  the  chin. 

The  muscle  of  the  Cheek  is  the  Buccinator,  a  flat  four- 
sided  muscle,  which  arises  by  its  upper  and  lower  borders 
fiDra  the  outer  surface  of  the  upper  and  lower  jaws,  a 
sliort  distance  from  the  alveolar  edge,  and  by  its  posterior 
border,  from  the  pterygo-maxillary  ligament  From  these 
lines  of  origin  the  fibres  pass  forwards  to  the  anterior 
border  which  bknds  at  the  anrfe  of  the  mouth  with  the 
Other  muscles  in  that  region  :  to  ^ome  extent  the  fibres 
of  the  upper  part  of  the  muscle  go  into  the  lower  lip, 
those  of  the  lower  part  into  the  upper  lip.  The  pterypcp- 
iihtxiUnry  ligament  is  a  slender  fibrous  band  which 
stretches  from  the  internal  pterygoid  plate  of  the  sphenoid 
to  the  back  of  the  mylo-hyoid  ridge  of  the  lower  jaw :  as 
the  buccinator  arises  from  it  in  front  and  the  superior 
constrictor  of  the  pharynx  behind,  it  forms  the  bond  of 
union  between  the  muscles  of  the  pharynx  and  cheek,  and 
cjisures  the  continuity  of  the  walls  of  these  divisions  of 
the  alimentary  canal. 

The  muscles  of  the  Floor  of  the  Mouth  are  the  pair  of 
Jfi/!o-hf/oiJ    muscles,   which    are    situated    immediatelj 
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beneath  the  mncoiia  membrane.  Each  arises  from  the 
mylo-hyoid  ridge  of  the  lower  jaw :  the  fibres  pass  down- 
wards and  inwards  to  be  for.  the  most  part  inserted,  along 
with  the  opposite  muscle,  into  a  tendinous  median  raphe 
which  extends  from  the  symphjrsis  menti  to  the  body  of 
the  hyoid  bone ;  the  most  posterior  fibres  are,  however, 
inserted  directly  into  the  body  of  the  hyoid.  The  name 
of  diaphragina  oris  has  been  applied  to  the  muscular 
floor  formed  by  the  two  mylo-hyoid  muscles. 

The  muscles  of  the  Tongue  have  been  described,  as  a 
part  of  that  organ,  on  p.  376  :  those  of  the  Soft  Palate 
will  be  described  on  p.  666.  The  action  of  the  muscles  of 
the  mouth  has  been  described  on  p.  84  «.«. 

The  mouth  is  lined  by  a  red-coloured  mucous  membrane, 
which  becomes  continuous  at  the  posterior  buccal  orifice 
with  that  of  the  pharynx,  and  at  the  margins  of  the  lips 
with  the  skin  of  the  face.  The  mucous  membrane  cover- 
ing the  alveolar  portions  of  the  jaws,  and  surrounding  the 
necks  of  the  teeth,  is  called  the  gum*  From  the  outer  sur- 
face of  each  jaw  it  is  reflected  to  the  inner  surface  of  the 
cheeks  and  lips.  A  narrow  band  passing  from  the  symphysis 
of  the  lower  jaw  to  the  lower  lip  is  the  fivsnum  labii  in^ 
/erioriif  and  a  similar  band  from  the  upper  jaw  to  the 
upper  lip  is  the  frcenum  labii  snperioris.  From  the  inner 
surface  of  the  lower  jaw  the  mucous  membrane  is  reflected 
to  the  floor  of  the  mouth,  and  a  broad  band,  called /rcmmn 
lingwct^  b  prolonged  to  the  middle  line  of  the  under  sur- 
face of  the  tongue.  From  the  back  of  the  dorsum  of  the 
tongue  three  slender  folds  of  the  mucous  membrane,  the 
frcena  efnglottidi$,  are  prolonged  to  the  front  of  the  epi- 
glottis.    From  the  soft  palate  ou  each  side  two  folds  o^ 

2  T 
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mucous  membraue  proceed ;  the  one  extends  downwards 
ar.d  turwards  a.s  the  anterior  I'lUar  of  the  faures  to  the  side 

■A  mm 

(»t  the  tongue,  and  encloses  the  palato-glossus  muscle;  the 
iiiher  runs  downwards  and  backwards,  as  the p^^sterlor  j/H/'ir 
of  ff  (  faurr\<,  to  the  wall  of  the  pharynx,  and  encloses  the 
paliito-j'haryngeus  muscle.  In  the  interval  between  the^e 
I'illars  is  the  t"nsiL 

In  its  structure  the  mucous  lining  of  the  mouth  consists 
vi  a  stratineJ  pavement  epithelium,  and  a  sub-ej»ithelial 
tibro- vascular  corium,  possessing  numerous  vascular  papilke. 
TLe  superficial  strata  of  the  ej)ithelium  covering  the  mucous 
surface  of  the  cheeks  and  lips  are  formed  of  squamous 
cells,  whilst  those  which  lie  next  the  corium  are  elongated 
in  a  direction  ]'erpendicular  to  its  surface.  Some  of  the 
s]uamous  cells  have  fluted  surfaces;  others  prickle-like 
edges,  by  the  junction  of  which  adjacent  cells  anastomose 
together.  Fn>m  the  surface  of  the  corium  numerous  coni- 
cal vascular  papilla?  project  into  the  epithelial  layer.  At 
the  margin  of  the  lip  the  mucous  membrane  becomes  con- 
tinuous with  the  integument,  and  the  transition  from  the 
tegumentary  to  the  mucous  surface  is  marked  by  the  dis- 
appearance of  the  hair  follicles  and  sebaceous  glands,  by 
the  greater  translucency  of  the  epithelial  covering  and  by 
the  greater  vascularity  of  the  corium,  Klein  has  described 
bundles  of  fibres  of  the  sphincter  orbicularis  oris  muscle 
passing  into  the  coriimi  of  the  mucous  lining  of  the  lip,  as 
far  as  the  base  of  the  papillae,  and  in  close  proximitj  to 
the  epithelium. 

The  mucous  membrane  of  the  gum  is  characterised  by 
its  density  and  toughness,  due  to  the  numerous  strongly 
developed   bundles  o!  connective  tissue  in  the  coriam. 
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many  of  whicli  are  continaed  into  the  fibrous  tiBsae  of  the 
perioeteum,  which  coTers  the  alveolar  surface  of  the  jaw. 
The  free  surface  of  the  corium  of  the  gum  possesses  nume- 
rous broad  papillte,  and  la  covered  by  a  stratified  pave- 
ment epithelium  similar  to  that  in  the  lips  and  cheeks. 
The  mucous  membrane  of  the  hard  palate  ia  also  tense  and 
tough,  though  not  so  much  so  as  the  gum;  and  the  fibrous 
fasciculi  of  its  corium  blend  with  the  connective  tissue  of 
the  subjacent  periosteum.  The  mucous  lining  of  the 
mouth  is  a  sensitive  membrane,  and  receives  its  nervous 
supply  from  the  fifth  cranial  nerve.  The  superior  maxillary 
division  of  that  nerve  gives  branches  to  the  hard  and  soft 
palate,  upper  gum,  and  mucous  lining  of  the  upper  lip : 
the  inferior  maxillary  division  to  the  mucous  lining  of 
the  cheek  and  lower  lip,  lower  gum,  and  floor  of  the  mouth. 
Kranse  has  described  end  bulbs,  in  connection  with  the 
terminal  branches  of  the  nerves,  in  the  mucous  membrane 
of  the  lips,  floor  of  the  mouth,  and  soft  palate. 

The  mucous  membrane  of  the  mouth  is  specially  modi- 
fied in  some  localities  by  the  development  of  collections  of 
Lymphoid  Tissue  in  the  sub-epithelial  connective  tissue. 
This  is  particularly  the  case  in  connection  with  the  mucous 
membrane  of  the  dorsum  of  the  tongue  in  the  interval 
between  the  drcumvallate  papilln  and  the  epiglottis;  and 
in  the  substance  of  the  tonsil 

The  ToKsiLS  are  two  almond-shaped  bodies,  situated, 
one  on  each  side  of  the  posterior  orifice  of  the  mouth,  in 
the  fossa  between  the  anterior  and  posterior  pillars  of  the 
•oft  pakte.  One  surface  of  each  tonsil  is  free,  and  covered 
by  the  epithelium  of  the  mucous  membrane ;  the  other  is 
attached  to  the  inner  surface  of  the  superior  constrictor 
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muscle  of  the  pliarynx.  TLcy  lie  in  a  plane  a  little  above 
tUo  angles  of  the  lower  jaw  Their  normal  size  is  nut 
bi_L,er  than  a  hazel  nut,  but  tUoj  are  very  a[>t  to  enlarge, 
grow  invards  across  the  posterior  ajicrture  of  the  mouth, 
and  diminish  the  size  of  that  o|ienirig.  The  tree  surface 
IS  marked  by  several  riiund- 
ed  holes,  which  lead  inti> 
shallow  pita  or  crypts, 
which  may  be  either  siiujite 
or  branched,  in  the  sub- 
HtinLC  of  the  ti.nsiL  The 
juts  ire  Imed  by  the  cpi- 
thchil  covering  of  the 
mucous  membrane,  iuto 
which  minute  papilln?  pn>- 
Ject.     In  the  subepithelial 

tn.ill\nriVTni!rnii'lnr^^ill(i'i7"biood;      COHOective     tissue     of     the 

walls  of  the  crypts  nume- 
rous follicles  of  lymphoid  tissue  are  situated,  aud  lymph 
cells  are  infiltrated  in  great  uumbera  in  the  connective 
tissue  between  the  follicles.  Interspersed  amidst  the  cry|.>ts 
are  small  racemose  mucous  glands.  The  tonsils  are  very 
vascular,  and  receive  their  arteries  from  the  descending 
p.datine  brooch  of  the  internal  maxillary,  the  ascending 
I'liary  ngeal  of  the  external  caretid,  the  dorsalia  liuguK  of  the 
lingual,  and  (he  tonsillar  and  ascending  palatine  branches 
of  the  facial.  Cagiillary  blood-ve.sscls  are  distributed  in 
connection  with  the  papjilte,  the  lymphoid  tissue,  and  the 
Mcemose  glands.  The  tonsillar  veins  form  a  plexus  in 
relation  to  the  attached  surface  of  the  tonsib  Lymph- 
vessels   are    found    in  the  tonsils;    they  form    netwarks 
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between  and  around  the  follicles  of  lymphoid  tissue. 
Branches  of  the  glosso-pharyngeal  nerve,  and  the  de- 
scending palatine  branches  of  Meckel's  ganglion,  pass  to 
the  tonsil. 

MUCOUS  AND  SAUVA&Y  GLANDS  OF  THE  MOUTH. 

The  ducts  of  numerous  glands  engaged  in  secreting  mucus 
and  saliva  open  on  the  free  surface  of  the  mucous  mem- 
brane of  the  mouth.  Their  secretion  not  only  keeps  the 
mouth  moist,  and  aids  therefore  in  articulation,  but  by 
mingling  with  the  food  assists  in  mastication,  deglutition, 
and  the  digestive  process.  Each  gland  is  characterised  by 
being  divided  into  small  lobules,  and  'by  possessing  a  duct 
or  ducts,  which  branch  off  in  an  arborescent  manner  in  the 
substance  of  the  gland,  and  finally  end  in  the  minute 
lobules.  They  all  belong  to  the  Compound  Racemose  group 
of  glands ;  other  examples  of  which  are  found  in  the  pan- 
creas, Brunner's  glands,  the  mammas,  the  lachrymal  glands, 
Cowper's  and  Bartholini's  glands. 

The  Mucous  glands  of  the  mouth  are  situated  be- 
neath its  mucous  lining  in  the  following  localities  :—<t, 
iabial  glands  in  the  upper  and  lower  lips,  but  absent  at 
the  angles  of  the  mouth :  6,  bucccU  glands  scattered  on  the 
inner  surface  of  the  cheek  from  the  lips  to  the  opening  of 
the  parotid  duct:  c,  palatine  glands  on  the  oral  sur- 
face of  the  hard  palate,  in  the  uvuln,  on  both  surfaces  of 
the  soft  palate  and  in  the  tonsils :  c£,  molar  glands,  close 
to  the  last  lower  molar  tooth  on  each  side:  e,  lingual 
glands,  extending  backwards  from  the  tip  of  the  tongue 
along  its  margin,  and  also  on  the  dorsum  between  the  cir- 
comvaUate  papillae  and  epiglottis.     Blandin  and  Nuhn 
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have  described  a  cluster  of  glands  at  the  tip  of  the  tongue, 
between  the  genio-hyo-glossus,  stylo-glossus  and  lingualis, 
opening  by  four  or  five  ducts  on  the  under  surface  of 
the  tip. 

Sfnuimr, — The  ducts  of  these  mucous  glands  consist  of 
a  delicate  membrane  lined  by  a  single  layer  of  columnar 
epithelial  cells.  The  terminal  branches  of  the  ducti«, 
which  enter  the  lobules,  end  in  a  series  of  saccular  dilata- 
tions, the  ariniy  alveoli,  or  gland  vesicles,  which  contain 
rounded  or  polygonal  secreting  cells.  A  collection  of  such 
vesicles  forms  a  lobule.  The  lobules  are  bound  together 
by  iutermediate  connective  tissue,  in  which  the  blood- 
vessels divide  into  a  capillary  network,  that  ramifies  on 
the  outer  surface  of  the  delicate  membrane  forming  the 
wall  of  the  gland  vesicles. 

The  Salivary  Glands  of  the  Mouth  are  the  parotid, 
submaxillary,  and  sublingual  glands. 

The  Pamtid  gland  is  the  largest  salivary  gland,  and  oc- 
cupies the  parotid  hollow  between  the  ascending  ramus  of 
the  lower  jaw,  the  mastoid  process  of  the  temporal  bone, 
the  external  auditory  meatus,  and  the  zygoma.  Its 
anterior  border  overlaps  the  msisseter  muscle,  and  the 
excretory  duct  emerges  out  of  this  border.  A  prolonga- 
tion of  gland  substance,  the  socia  parotidis,  frequently 
accompanies  the  duct  for  a  short  distance.  By  its  deep 
surface  the  gland  i^>asses  as  far  as  the  styloid  process,  the 
parotid  fossa  in  the  temporal  bone,  the  digastric  muscle, 
internal  carotid  artery,  and  internal  jugular  vein.  The 
gland  is  enclosed  in  a  capsule  formed  of  the  cervical  fasciaL 
Passing  into  the  gland  is  the  external  carotid  artery,  which 
gives  off  in  it  the  occipital,  posterior  auricular,  temporal  and 
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intenud  maxiliary  branches:  from  the  posterior  aaricnlar 
and  temporal  branches  arise  the  small  arteries  which  supply 
the  parotid  gland  with  blood.  Emerging  from  the  gland 
is  the  external  jngolar  vein,  which  is  formed  in  it  by  the 
junction  of  the  temporal,  internal  mayillary,  posterior  auri- 
cular and  transverse  facial  veins.  Piercing  the  gland  are 
the  facial  and  auriculo-temporal  nerves. 

The  excretory  duct  of  the  gland,  called  Steruon's  duct, 
posses  forwards  superficial  to  the  masseter  muscle,  then 
pierces  successively  the  fat  of  thecheek,  the  buccinator  muscle 
and  the  mucous  membrane,  and  opens  on  the  inner  surface  of 
the  cheek  opposite  the  second  upper  molar  tooth*  The 
duct  is  between  two  and  three  inches  long,  and  about  the 
thickness  of  a  crow  quilL 

The  SiibmaxiUaty  gland  is  situated  in  the  submaxillary 
triangular  space,  and  rests  against  a  shallow  fossa  on  the 
under  surface  of  the  horizontal  ramus  of  the  lower  jaw.  It 
lies  for  the  most  part  on  the  mylo-hyoid  muscle,  but  sends 
a  process,  along  with  the  excretory  duct,  round  the  posterior 
border  of  the  muscle,  which  process  lies  between  the  mylo- 
hoid  and  the  hyo>glossu8  muscles.  The  gland  is  enclosed  in  a 
capsule  formed  of  the  cervical  fascia,  and  is  separated  from 
the  parotid  gland  by  a  deep  process  of  that  fascia  named 
the  stylo-maxillary  ligament  The  facial  artery,  as  it 
ascends  to  the  face,  passes  through  the  substance  of  the 
gland  and  gives  off  glandular  branches  to  supply  it  with 
blood. 

The  excretory  duct  of  the  gland,  called  Whart&n's  duct, 
runs  forwards  for  two  inches  between  the  mylo-hyoid  and 
the  hyo-glossus  and  genio-hyo-glossus  muscles,  and  ends 
by  opening  on  the  floor  of  the  mouth  by  the  side  of  the 
fnenum  linguae. 
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The  Sublingual  is  the  smallest  of  the  salivary  glaads, 
and  lies  under  the  mucous  membrane  of 'the  floor  of  the 
mouth,  close  to  the  genio-hyo-glossus  muscle  and  the  line 
of  attachment  of  the  f  rsenum  lingusd.  It  is  concealed  by  the 
mylo-hyoid  muscle,  and  receives,  as  its  arteries  of  supply, 
the  sublingual  branch  of  the  lingual  artery  and  small 
branches  of  the  submental  branch  of  the  facial  artery.  In- 
stead of  having,  like  the  parotid  or  the  submaxiUaiy  gland, 
only  a  single  excretory  duct,  it  possesses  from  ten  to  twenty 
small  ducts,  the  ducU  of  Rivinut^  some  of  which  join 
Wharton's  duct,  though  the  greater  number  open  directly 
into  the  floor  of  the  mouth  near  the  f  rsenum  linguae. 

Structure, — ^The  ducts  of  the  salivary  glands  branch  and 
terminate  in  the  lobules ;  each  terminal  duct  ending  in  a 
series  of  saccular  dilatations,  the  acmiy  <dveoli^  or  gland- 
vesicles,  the  wall  of  which,  formed  apparently  of  a  mem- 
brana  propria,  is  continuous  with  the  simple  membranous 
wall  of  fche  terminal  duct.  The  terminal  ducts  are  lined 
by  a  layer  of  squamous  epithelium.  The  wall  of  the 
larger  ducts  is  formed  of  white  and  yellow  fibroos  tissue, 
with,  in  some  instances,  contractile  muscular  fibre-cells^ 
and  is  lined  by  a  columnar  epithelium. 

The  gland  vesicles  contain  the  secreting  cells,  whidi 
present  two  difl'erent  histological  appearances.  The  ceDa 
which  lie  in  the  centre  of  the  alveolus  approach  the 
spheroidal  in  form,  though  with  the  sides  often  flattened ; 
their  protoplasm  is  granulated,  though  it  may  dear  up» 
apparently  from  a  mucous  change  in  its  substance ;  their 
nucleus  is  distinct,  and  usually  close  to  the  drcomfereoce 
of  the  cell  The  cells  which  lie  next  the  wall  of  the  veside 
are  smaller,  with  a  more  granulated  protoplasm,  and  on 
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Bectioa  present  a  Bemilunar  form ;  they  were  iSrst  described 
by  Qianuzzi  as  the  semilanar  body.  Lavdowsky  states 
that  the  semilunar  cells  are  connected  together  by  a  network 
of  exceedingly  delicate  threads  of  protoplasm.  Thoagh  some 
have  supposed  these  two  forms  of  cells  to  be  quite  distinct,  it 
is  not  improbable  that  the  peripheral,  so-called  semilunar 
cells  are  merely  a  younger  stage  of  the  central  secreting 
oeUs,  which  have  not  yet  undergone  a  mucous  change. 
Both  kinds  of  cells  are  found  in  the  submaxillary  and  sub- 
lingual glands ;  but  in  the  parotid,  the  secreting  cells  ex- 
hibit a  uniform  granulated  protoplasm,  and  do  not  undergo 
the  mucous  change.  Heidenhain  has  pointed  out  that, 
when  the  submaxillary  gland  has  been  stimulated  for  some 
time,  the  central  cells  lose  their  clear  transparent  appearance, 
and  assume  the  characters  of  a  granulated  protoplasm,  a 
change  which  is  doubtless  due  to  the  contained  ''mucus" 
being  poured  out  in  the  secretion.  Boll  has  described 
the  membrana  propria  of  the  gland-vesides  as  consisting  of 
anastomosing  connective  tissue  cells,  and  an  anastomosing 
reticulum  of  conuectivd  tissue  corpuscles  has  been  said  to 
exist  between  the  cells  situated  within  the  vesicles.  PflUger 
has  described  minute  channels,  or  intercellular  passages 
between  the  secreting  ceUs,  which  communicate  with  the 
lumen  of  the  duct,  and  serve  as  the  passages  along  which 
the  salivary  secretion  flows  out  of  the  vesicle.  Schliiter 
and  Pfliiger  have  described  smooth  muscular  fibre-cells, 
arranged  either  solitarily,  or  in  fasciculi,  in  the  connective 
tissue  framework  of  the  salivary  glands. 

The  blood-vessels  are  distributed  in  the  interlobular  con- 
nective tissue,  and  form  a  capillary  network  on  the  wall  of 
the  glaod-ducts,  and  on  the  wall  of  the  gland  vesicles. 
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Gianuzzi  has  described  lymphatics,  in  the  interlobular  con- 
nective tissue,  and  around  the  arteries  and  Teins  of  the 
glands.  The  submaxillary  and  sublingual  glands  receive 
their  nervous  supply  from  the  chorda  tympani  branch  of 
the  facial  nerve,  and  from  the  third  division  of  the  fifth 
cranial  and  sympathetic  through  the  submaxillary  ganglion. 
The  parotid  gland  is  supplied  by  the  small  superficial 
petrosal  branch  of  the  facial  and  by  the  sympathetic. 
The  nerves  pass  into  the  interlobular  connective  tissue, 
branch  in  their  course,  and  sometimes  are  connected  to 
minute  ganglia.  Pflilger  states  that  medullated  fibres  can 
be  traced  up  to  the  gland  vesicles,  where  they  perforate 
the  membrana  propria,  and  then  lose  the  medullary  sheath, 
whilst  the  axial  cylinder  is  prolonged  into  the  protoplasm 
of  the  secreting  cells.  Other  medullated  fibres,  he  says, 
pierce  the  walls,  of  the  gland  ducts,  and  after  losing  their 
medullary  sheath,  the  axial  cylinders  branch,  and  become 
continuous  with  the  columnar  epithelial  lining  of  the  duct 
He  hiis  also  described  multipolar  cells,  w^hich  he  believes 
to  be  nervous,  directly  continuous  by  their  processes 
with  the  secreting  cells.  Pfliiger's  observations,  however, 
on  the  direct  continuity  of  the  nerve  fibres  and  cells  with 
the  secreting  cells  of  the  salivary  glands  have  not  been 
generally  accepted. 
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THE  PHARYNX. 

The  Pharynx  is  an  irregularly  dilated  canal,  which 
forma  a  common  passage,  connecting  the  mouth  with  the 
oesophagus,  and  the  nose  with  the  larynx,  so  as  to  be  sub- 
servient to  the  processes  both  of  deglutition  and  respira- 
tion. It  is  situated  in  the  upper  part  of  the  neck,  and 
extends  from  the  basi-cranial  axis,  which  forms  its  upper 
boundary,  as  low  down  as  the  level  of  the  sixth  cervical 
vertebra,  where  it  becomes  continuous  with  the  oeso- 
phagus. It  lies  in  front  of  the  six  upper  cervical  verte- 
bne,  with  their  prevertebral  muscles,  from  which  it  is 
separated  by  some  loose  areolar  tissue.  It  is  placed 
behind  the  nose,  mouth,  and  larynx,  all  of  which  com- 
municate with  it  through  openings  in  its  anterior  wall. 
Its  length  is  from  4^  to  5|  inches ;  the  transverse  diameter 
is  greater  than  the  antero-posterior,  and  it  is  wider 
opposite  the  back  of  the  mouth  and  the  great  comua  of 
the  hyoid  bone,  than  opposite  the  back  of  the  nose,  or 
larynx ;  at  its  lower  end  it  assumes  a  tubular  form,  where 
it  becomes  continuous  with  the  oesophagus.  Its  walls  are 
composed  of  muscles  and  membrane,  which  are  arranged 
so  as  completely  to  wall  in  the  tube  laterally  and  pos- 
teriorly, but  to  permit  of  free  oomn^unication  in  front 
with  the  nose,  mouth,  and  larynx.  If  the  pharynx  be 
opened  by  a  longitudinal  incision  through  the  pos- 
terior wall,  two  structures,  viz.,  the  soft  palate  and 
epiglottis,  will  be  seen  to  project  into  it  from  the  anterior 
walL  The  soft  palate,  with  the  uvula  depending  from  its 
lower  border,  inclines  downwards  and  backwards,  and 
divides  the  upper  or  nasal  part  of  the  pharynx  from  the 
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Gianaz2d  has  described  lymphatics,  in  the  interlobular  con* 
nective  tissue,  and  around  the  arteries  and  Teins  of  the 
glands.  The  submaxillary  and  sublingual  glands  recelTe 
their  nervous  supply  from  the  chorda  tympani  branch  of 
the  facial  nerve,  and  from  the  third  division  of  the  fifth 
cranial  and  sympathetic  through  the  submaxillaiy  ganglion. 
The  parotid  gland  is  supplied  by  the  small  superficial 
petrosal  branch  of  the  facial  and  by  the  sympathetic. 
The  nerves  pass  into  the  interlobular  connective  tissne, 
branch  in  their  course,  and  sometimes  are  connected  to 
minute  ganglia.  PflUger  states  that  medullated  fibres  can 
be  traced  up  to  the  gland  vesicles,  where  they  perforate 
the  membrana  propria,  and  then  lose  the  medullary  sheath, 
whilst  the  axial  cylinder  is  prolonged  into  the  protoplasm 
of  the  secreting  cells.  Other  medullated  fibres,  he  says, 
pierce  the  walls,  of  the  gland  ducts,  and  after  losing  their 
medullary  sheath,  the  axial  cylinders  branch,  and  become 
continuous  with  the  columnar  epithelial  lining  of  the  duct 
He  has  also  described  multipolar  ceUs,  which  he  believes 
to  be  nervous,  directly  continuous  by  their  processes 
with  the  secreting  cells.  Pfluger's  observations,  however, 
on  the  direct  continuity  of  the  nerve  fibres  and  cells  with 
the  secreting  cells  of  the  salivary  glands  have  not  been 
generally  accepted. 


THE  PHABTNX.  659 

THE  PHARYNX. 

The  Pharynx  is  aa  irregularly  dilated  canal,  which 
forma  a  common  passage,  connecting  the  month  with  the 
oesophagus,  and  the  nose  with  the  larynx,  so  as  to  be  sub- 
servient to  the  processes  both  of  deglutition  and  respira- 
tion. It  is  situated  in  the  upper  part  of  the  neck,  and 
extends  from  the  basi-cranial  axis,  which  forms  its  upper 
boundary,  as  low  down  as  the  level  of  the  sixth  cervical 
vertebra,  where  it  becomes  continuous  with  the  oeso- 
phagus. It  lies  in  front  of  the  six  upper  cervical  verte- 
bne,  with  their  prevertebral  muscles,  from  which  it  is 
separated  by  some  loose  areolar  tissue.  It  is  placed 
behind  the  nose,  mouth,  and  larynx,  all  of  which  com- 
municate with  it  through  openings  in  its  anterior  walL 
Its  length  is  from  4^  to  5|  inches ;  the  transverse  diameter 
is  greater  than  the  antero-posterior,  and  it  is  wider 
opposite  the  back  of  the  mouth  and  the  great  comua  of 
the  hyoid  bone,  than  opposite  the  back  of  the  nose,  or 
laiynx ;  at  its  lower  end  it  assumes  a  tubular  form,  where 
it  becomes  continuous  with  the  oesophagus.  Its  walls  are 
composed  of  muscles  and  membrane,  which  are  arranged 
so  as  completely  to  wall  in  the  tube  laterally  and  pos- 
teriorly, but  to  permit  of  free  communication  in  front 
with  the  nose,  mouth,  and  larynx.  If  the  pharynx  be 
opened  by  a  longitudinal  incision  through  the  pos- 
terior wall,  two  structures,  vis.,  the  soft  palate  and 
epiglottis,  will  be  seen  to  project  into  it  from  the  anterior 
walL  The  soft  palate,  with  the  uvula  depending  from  its 
lower  border,  inclines  downwards  and  backwards,  and 
divides  the  upper  or  nasal  part  of  the  pharynx  from  the 
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middle  or  buccal  portion..  The  epiglottis  projects 
upwards  immediately  in  front  of  the  orifice  of  the  larynx, 
and  marks  the  boundary  between  the  buccal  part  of  the 
pharynx  and  the  superior  orifice  of  the  larynx. 

Seven  openings  communicate  with  the  interior  of  the 
pharynx  (fig.  181).  Into  the  upper  or  nasal  portion  are 
the  two  posterior  nares,  separated  from  each  other  by 
the  posterior  edge  of  the  nasal  septum ;  and  the  trumpet* 
shaped  mouths  of  the  two  Eustachian  tubes  open,  one 
on  each  side,  in  line  with  the  posterior  end  of  the 
inferior  turbinated  bone  of  the  same  side.  Below  the 
soft  palate  is  the  posterior  orifice  of  the  mouth ;  behind 
the  epiglottis  is  the  superior  aperture  of  the  laiynx; 
opposite  the  sixth  cervical  vertebra  the  phaiynx  communi- 
cates with  the  oesophagus. 

Structure, — The  wall  of  the  pharynx  consists  of  three 
coats,  an  external  muscular,  an  internal  mucous  coat,  and 
an  intermediate  fibrous  membrane,  which  blends  with  the 
submucous  coat 

The  muscular  coat  consists  of  three  pairs  of  circularly 
arranged  muscles,  the  constrictors  of  the  phatynx;  and 
of  two  pairs  of  longitudinally-arranged  muscles,  the  s^lo- 
pharyngei  and  palato-pharyngei,  with  occasionally  a  third 
pair,  the  salpingo-pharyngei.  The  constrictor  muscles 
extend  from  the  lateral  wall  to  the  middle  line  of  the 
posterior  wall  of  the  phar3mx,  and  are  named  from  below 
upwards  the  inferior,  middle,  and  superior  constrieton; 
they  lie  on  three  different  planes,  so  that  the  inferior  con* 
strictor  overlaps  the  middle,  and  the  middle  the  superior. 

Inferior     constrictor^    or    laryngo^haryngeus    musde, 
arises  from  the  side  of  the  cricoid  cartilage  of  the  laiynt, 
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from    the  obliqae  ridge  on  the  outer  surface,  aod   t'jo 
upper    aad  lower  borders   of  the  kterul  plate  of   tho 
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tbfToid  cartilage  ;  ita  fibres  carve  backwards,  to  be  inserted 
into  the  middle  line  of  the  posterior  earface  of  the  phaiyni, 
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where  it  joins  its  fellow  of  the  opposite  side.  Its  lower 
fibres  are  in  relation  to  the  upper  fibres  of  the  oesophagus. 

Middle  coiiiitrictor,  or  hyo-phm^yngetis  muscle,  arises  from 
the  great  and  small  cornua  of  the  hyoid  bone  and  from 
the  stylo-hyoid  ligament ;  its  fibres  radiate  in  a  fan-shaped 
manner,  and  curve  backwards  to  be  inserted  into  the  middle 
line  of  the  posterior  surface  of  the  pharynx,  where  it  joins 
its  fellow. 

Superior  coiistrlctor,  or  gnatho-pIiari/fi(/e?is  muscle,  arises 
from  the  side  of  the  tongue  and  adjacent  buccal  mucous 
membrane,  from  the  back  of  the  mylo-hyoid  ridge  of  the 
lower  jaw,  from  the  pterygo-maxillary  ligament,  and  the 
lower  third  of  the  posterior  border  of  the  internal  pterygoid 
j)late  of  the  sphenoid ;  its  fibres  curve  backwards  to  be 
inserted  into  the  middle  line  of  the  posterior  surface  of  the 
pharynx,  where  it  joins  its  fellow ;  but  the  highest  fibres 
are  inserted  into  the  pharyngeal  tubercle  on  the  under 
surface  of  the  basi-occipital.  The  upj>er  border  forms  a 
concave  curve  from  the  origin  to  the  insertion,  and  the 
fibrous  tunica  pharyngis  interna  fills  up  the  interval  between 
it  and  the  basLs-cranii. 

Sttjlo-phaiyi^geus  muscle  arises  from  the  root  of  the 
styloid  process :  its  fibres  run  obliquely  downwards  and 
inwards,  between  the  superior  and  middle  constrictors,  to 
be  inserted  partly  into  the  posterior  border  of  the  thy- 
roid cartilage,  and  partly  to  blend  with  the  adjacent 
part  of  the  muscular  wall  of  the  pharynx. 

Palaio-pharyngeiis  muscle  arises  in  the  soft  palate, 
where  it  decussates  across  the  mesial  plane  with  the 
corresponding  muscle  of  the  opposite  side :  its  fibnas  pass 
downwards  in  the  posterior  pillar  of  the  fauces,  and  spread 
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out  in  the  muscular  wall  of  the  pharynx  from  the  posterior 
border  of  the  thyroid  cartilage,  back  to  and  even  across 
the  middle  line  of  the  pharynx  posteriorly. 

Salpingo-pkaryngeus  muscle,  when  present,  arises  from 
the  cartilage  of  the  Eustachian  tube ;  its  fibres  descend  in 
the  postero-lateral  wall  of  the  pharynx,  to  be  inserted 
along  with  the  palato-pharyngeus. 

The  muscular  wall  of  the  pharynx  is  enveloped  by  a 
fibrous  membrane,  the  tunica  pharyngU  externa^  which  is 
continuous  superiorly  with  the  fibrous  membrane  covering 
the  buccinator  muscles.  Between  the  muscular  and 
mucous  coats  of  the  pharynx  is  the  tunica  pharyngis 
inUma,  which  forms  in  the  posterior  wall  of  the  nasal 
part  of  the  pharynx  a  well-defined  fibrous  membrane.  It 
is  attached  above  to  the  petrous-temporal,  the  basi- 
sphenoid,  and  the  pharyngeal  tubercle  of  the  basi- 
occipttaL  From  this  tubercle  a  slender  band  passes 
longitudinally  down  the  middle  line  of  the  posterior  wall 
of  the  pharynx  and  forms  a  common  insertion  for  the 
three  pairs  of  constrictors.  As  the  tunica  interna  descends 
in  the  wall  of  the  pharynx  it  becomes  thinner,  and  is 
finally  lost  in  the  submucous  coat. 

The  mueoui  coat  of  the  pharynx  lines  the  canal,  and  is 
continuous  through  the  several  openings  with  the  mucous 
membrane  lining  the  Eustachian  tubes,  nose,  month, 
laiynxy  and  cesophagns. 

The  epithelium  covering  the  mucous  membrane  of  the 
nasal  part  of  the  pharynx  is  columnar  and  ciliated  over  a 
coDsiderable  surface,  but  elsewhere  the  pharyngeal  epi- 
thelium is  tesselated  and  stratified;  and  in  the  latter 
localities,  vascular   papilbe    project  into  the  epithelial 


CS-l  ANATOMY. 

layprs.  Small  racemcse  glands,  similar  to  tie  i 
t;laucla  of  the  raoutli,  or  to  Brunner's  glands,  He  beneath 
i  iiiccnlirane,  which  is  pierced  by  their  ducts  to 
irlace  (fig.  ItiO) ;  they  are  most  numerwis 


in  the  nasal  part  of  the  pharynx.  Collections  of  lymphoid 
tissue  are  finnd  in  the  sub-epithelial  connective  H.^sue, 
more  especially  in  the  nasal  part  of  the  pharynx,  where 
it  forms  a.  mass,  extending  across  the  posterior  and  upper 
wall,  bi'tneoii  the  openings  of  the  two  Eustachian  tubes. 
which  Lusrlika  hiy  called  the  pharpi^ral  tonsil.  A  net- 
work of  lym|ihatic  vessels  exists  both  in  the  submucous 
ciiat,  where  it  Hl-s  in  relation  to  the  lymphoid  tisf^ue,  and 
between  the  tunica  pharyngis  externa  and  muscular  coat : 
lymphatic  gliiiuls  are  in  connection  with  the  latter  part 
of  the  network.     The  arteries  of  the  pharynx  are  derired 
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from  the  ascending  phaiyngeal  branch  of  the  external 
carotid,  the  ascending  palatine  and  tonsillar  of  the  facial, 
and  the  palato-pharyngeal  and  descending  palatine 
branches  of  the  internal  maxillary.  The  motor  nerves 
of  the  pharynx  are  derived  from  the  pharyngeal  branches 
of  the  vagos,  the  external  laryngeal  nerve  and  the  glosso- 
pharyngeal nerve.  The  sensory  nerves  arise  from  the 
pharyngeal  branches  of  the  glosso-phar3mgeal,  and  from 
the  pharyngeal  branch  of  Meckel's  ganglion,  which  latter 
supplies  the  mucous  lining  of  the  nasal  part  of  the 
pharynx.  Sympathetic  nerve  fibres  pass  to  the  pharynx 
from  the  superior  cervical  ganglion.  The  motor,  sensory, 
and  sympathetic  nerves  unite  to  form  the  pharyngeal 
plexus  situated  behind  the  middle  constrictor  mu8cl& 

The  Soft  Palate  fonns  an  inclined  plane,  which  pro- 
jects, downwards  and  backwards  into  the  pharynx,  from  the 
posterior  border  of  the  hard  palate.  It  is  less  dependent 
at  the  sides  than  in  the  mesial  plane,  where  it  forms  an 
elongated  body,  the  uvula.  From  its  position  it  is  in  rela- 
tion both  to  the  mouth  and  the  pharynx.  Its  anterior  or 
oral  surface  is  smooth,  and  gives  origin  on  each  side  to  a 
fold,  which  curves  downwards  to  the  side  of  the  root  of 
the  tongue,  to  form  the  anUrior  pillan  of  the  pcdate  or 
faueei.  Its  posterior  or  phaiyngeal  surface,  also  smoooth, 
gives  origin  on  each  side  to  a  fold,  which,  springing  from 
the  base  of  the  uvula,  curves  downwards  and  backwards 
to  be  lost  in  the  side  walls  of  the  pharynx ;  this  pair  of 
folds  forms  the  posterior  pUlan  of  the  palate  or  fauces. 

Structure. — ^The  soft  palate  is  complex  in  structure,  and 
consists  of  muscles,  mucous  membrane,  glands,  blood  and 
lymph  vessels,  and  nerves.     The  muscles  of  the  soft 

2  u 
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jtalate  are  arranged  in  two  groups,  those  which  elevate 
itnd  uiake  it  tense,  and  those  which  constrict  the  fauces. 
The  tensors  and  elevators  are  as  follows : — 
Levator  jtalati  arises  from  the  front  of  the  under  surface 


of  the  petrous  temporal,  aDdfroDitheinembrano^:artila£iDoaa 
wall  of  the  Eustachian  tube  :  it  passes  through  the  wall  of 
the  pharynx  above  the  upper  coacave  border  of  the  snperior 
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ooDBtrictor,  and  enters  the  soft  palate  in  the  posterior  part, 
in  which  it  may  be  traced  up  to  the  mesial  plane. 

LevatoreB  or  Azygo9  uvulw  consist  of  two  fasciculi,  one  on 
each  side  of  the  mesial  plane  of  the  uvula,  which  arise  from 
the  spine  of  the  palate  plates  of  the  palate  bones,  and 
descend  into  the  uvula  towards  its  tip. 

Temor  or  CireumjUxut  palixti  arises  from  the  scaphoid 
fossa  at  the  root  of  the  internal  pterygoid  plate,  and  from 
the  outer  third  of  the  wall  of  the  Eustachian  tube :  it 
descends  in  the  pterygoid  fossa,  and  ends  in  a  tendon 
which  hooks  round  the  root  of  the  hamular  process,  and 
pierces  the  wall  of  the  pharynx  between  the  pterygoid  and 
pterygo-mazillary  origins  of  the  superior  constrictor;  it 
enters  the  soft  palate  and  expands  into  an  aponeurotic 
tendon,  which  blends  in  the  mesial  plane  with  that  of 
the  corresponding  muscle,  and  is  attached  to  the  under 
surface  of  the  palate  plate  of  the  palate  bone. 

The  constrictors  of  the  fauces  are  as  follows : — 

PalaUhglosmu  forms,  along  with  its  fellow,  a  sphincter 
arrangement  in  the  soft  palate,  anterior  palatine  pillars  and 
tongue.  It  lies  in  the  soft  palate  in  close  relation  to  the 
mucous  membrane  of  the  anterior  surface,  descends  in  the 
anterior  pillars  to  the  sides  of  the  root  of  the  tongue,  into 
the  substance  of  which  it  enters.  By  its  contraction  it 
constricts  the  pharyngo-oral  orifice. 

FakUo-pharyHgeui  has  been  described  on  p.  662. 

The  action  of  the  muscles  of  the  soft  palate  and  pharynx 
in  connection  with  the  process  of  deglutition  has  been 
described  on  p.  88.  From  their  attachment  to  the  wall  of 
the  Eustachian  tube,  the  tensor  and  levator  palati  muscles 
can,  when  the  soft  palate  is  fixed,  act  on  the  tube.    The 
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tensor  palati  is  believed  to  be  a  dilator  of  tbe  tabe.  The 
levator  palati  is  also  regarded  by  some  as  a  dilator,  but 
Cleland  maintains  that  it  acts  as  a  constrictor  by  approxi- 
mating the  membranous  to  the  cartilaginous  wall  of  the 
tuba 

The  mucous  membrane  of  the  soft  palate  is  continuoiu 
with  that  of  the  mouth  and  pharynx.  The  epithelium 
covering  the  anterior  or  oral  surface  is  a  stratified  pavement 
epithelium.  That  on  the  posterior  or  pharyngeal  sorfooe 
appeals  to  vary  at  different  periods  of  life ;  for  whilst  Klein 
found  in  the  infant  a  laminated  cylindrical  and  ciliated 
epithelium,  with  isolated  areas  of  pavement  epithelium,  in 
adults  the  surface  generally  was  covered  by  a  laminated 
pavement  epithelium.  Numerous  racemose  mucous  glands 
lie  beneath  the  mucous  membrane,  but  much  more  abon- 
dantly  on  the  oral  than  on  the  pharyngeal  aspect  CbQee- 
tions  of  lymphoid  tissue,  similar  to  those  found  in  the 
tonsils,  are  also  met  with.  The  arteries  are  the  descending 
palatine  branches  of  the  internal  maxillary,  the  inferior 
palatine  of  the  facial,  and  palatine  branches  of  the  ascend- 
ing pharyngeal.  The  veins  of  the  soft  palate  often  aasm&e 
a  dilated  character,  and  are  continuous  with  the  ^uiyn- 
geal  veins.  Lymphatics  are  also  distributed  beneath  the 
mucous  membrane. 

There  are  difiEiculties  in  determining  with  predsioQ  the 
motor  nerves  of  the  soft  palate.  A  branch  from  the  otic 
ganglion  of  the  third  division  of  the  fifth  nerve  pastes  to 
the  tensor  palatL  The  levator  palati  and  azygoe  qvuIa 
are  by  some  considered  to  be  supplied  by  the  phaiyngeal 
branches  of  the  vagus,  though  others  regard  them  aa 
supplied  by  the  large  superficial  petrosal  of  the  ftOMl^ 
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which  goes  to  Meckel's  ganglion,  and  sends  bnmches  to 
the  palate  in  the  descending  palatine  branches  of  that 
ganglion.  The  palato-pharyngens  and  palato-glossos  are 
probably  supplied  by  the  pharyngeal  branches  of  the  Tsgus. 
The  sensory  nerves  to  the  mucous  membrane  are  derived, 
from  the  second  division  of  the  fifth,  through  the  descending 
pslatine  branches  of  Meckel's  ganglion.  Sympathetic 
nerve  fibres  also  probably  accompany  the  descending  pala- 
tine nerves. 

OSSOPHAOUS. 

The  (Esophagus,  or  Qullet,  is  an  almost  cylindrical  tube, 
about  9  or  10  inches  long,  which  transmits  the  food  from 
the  pharynx  to  the  stomach.  It  commences  in  the  neck 
opposite  the  body  of  the  sixth  cervical  vertebra,  where  it  is 
continuous  with  the  pharynx.  It  passes  down  the  lower 
part  of  the  neck,  traverses  the  cavity  of  the  thorax,  pierces 
the  diaphragm  at  the  oesophageal  opening,  enters  the  abdo- 
men, and  becomes  continuous  with  the  cardiac  end  of  the 
stomach  close  to  that  opening.  It  lies  in  front  of  the 
bodies  of  the  vertebras,  and  follows  the  antero-posterior 
curvatures  of  the  spine,  but,  at  the  lower  part,  both  of  the 
neck  and  thorax,  it  inclines  somewhat  to  the  left  of  the 
mesial  planei  It  is  placed  behind  the  trachea,  the  arch  of 
the  aorta,  the  heart,  and  pericardium.  In  the  thorax  it  Lb 
situated  in  the  posterior  mediastinal  division  of  the  inter- 
pleural space,  with  the  vena  azygos  to  its  right,  and  the 
descending  aorta  at  first  to  its  left  and  then  behind  it  It 
is  closely  accompanied  in  the  greater  part  of  its  course  by 
the  pneumogastric  nerves,  which  form  a  plexus  around  it 

Struettire, — ^The  wall  of  the  oesophagus  conslBts  of  three 
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coats,  named,  from  wiihoat  inwards,  mnscalar,  sab-mucous, 
and  mucous  coats. 

The  mtucular  or  external  coat  is  divided  into  two  layers, 
an  external  and  an  intemaL  The  external  layer  la  com- 
posed of  fibres  arranged  longitudinally  in  the  walL  They 
are  collected  into  three  bundles;  one  springs  from  the 
back  of  tihe  cricoid  cartilage  and  descends  in  the  anterior 
wall,  the  others  are  situated  at  the  sides  of  the  oeaopbagua; 
as  they  reach  its  lower  end  the  fibres  are  no  longer  collected 
into  three  bundles,  but  form  a  uniform  layer  around  the 
tube.  The  internal  layer  consists  of  fibres  arranged  in 
a  series  of  rings  around  the  tube,  which  lie  sometimes 
horizontally,  at  others  obliquely.  The  muscular  coat  in 
the  upper  fourth  of  the  oesophagus  is  red,  and  its  fibres  art 
transversely  striped ;  in  the  second  fourth  numerous  non- 
striped  fibres  are  mingled  with  the  striped ;  whilst  in  the 
lower  half  the  coat  consists  exclusively  of  non-striped 
fibres.  By  the  contraction  of  the  fibres  of  the  muscular 
coat  the  food  is  propelled  downwards  into  the  stomadi. 
Hyrtl  described  in  1 844  muscular  slips  as  occasionally  found 
passing  from  the  oesophagus  to  the  pleura  and  left  brooehus. 
D.  J.  Cunningham,  who  has  recently  examined  this  anange* 
ment,  states  that  the  pUuro-cesophageal  mu$cU  arises  from 
the  left  pleura,  where  it  lies  over  the  thoracic  aorta,  and 
joins  the  left  maigin  of  the  oesophagus;  it  is  always  present 
The  broncho-oeiophagecd  muscle  is  not  so  constant;  it 
springs  from  the  back  of  the  left  bronchus,  and  blends  witk 
the  longitudinal  fibres  of  the  oesophagus. 

The  efdnnucoug  coat  connects  the  muscular  and  moeoos 
coats  with  each  other.  It  consists  of  bundles  of  white 
fibrous  tissue  intermingled  with  elastic  fibres,  and  the 
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nerves  and  blood-vessels  passing  to  the  muoons  coat  ramify 
in  it 

The  mueoui  or  internal  eoai  lines  the  interior  of  the 
tabe,  is  continnons  above  with  the  mncons  lining  of  the 
pharynx,  and  below  with  that  of  the  stomach.  When  the 
QMophagns  is  empty  it  is  thrown  into  longitudinal  folds. 
Its  free  surface  is  covered  by  a  thick  layer  of  stratified 
sqoamons  epithelium,  which  terminates  abruptly  at  the 
cardiac  orifice  of  the  stomach  in  an  irregular  line.  Pro- 
jecting into  the  epithelium  are  multitudes  of  minute  coni- 
cal papillA.  Opening  on  the  surface  of  the  membrane  are 
the  ducts  of  numerous  small  racemose  glands  similar  to 
those  in  the  pharynx  (fig.  180).  Collections  of  lymphoid 
tissue,  forming  solitary  foUicles,  are  also  found  in  the 
mucous  membrane.  The  deep  surface  of  the  mucous 
membrane  consists  of  a  layer  of  non-striped  muscular 
tlBsue,  the  bundles  of  which  ran  longitudinally ;  it  forms 
the  muscular  layer  of  the  mucous  coat,  or  muaeularii 

mueoiCB, 
The  oesophagus  is  supplied  with  blood  by  the  inferior 

thyroid  artery,  the  odsophageal  branches  of  the  thoracic 

aorta  and  the  ascending  branch  of  the  coronary  artery  of 

the  stomach.    The  nerves  are  derived  from  the  pneumo- 

gastrics,  which  form  plexuses  containing  nerve  cells,  not 

only  in  the  muscular  coat,  but  in  the  muscularis  mucosic. 

A  network  of  lymphatic  vessels  also  occurs  m  both  the 

mucous  and  sub-mucous  coats. 
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Abdominal  Cavity  and  Pebitonkttm. 

Ab  the  remaining  porUona  of  the  Alimentary  Oanal 
are  situated  in  the  Abdominal  Cavity,  it  will  be  adviaahle, 
before  describing  their  anatomy,  to  give  an  account  of  the 
form  and  boundaries  of  that  cavity,  of  its  division  into 
regions,  and  of  the  general  arrangement  of  the  peritoneum, 
which  constitutes  its  lining  membrane. 

The  Abdominal  Cavity,  Abdombn,  or  Belly,  is  the 
largest  of  the  three  great  cavities  of  the  body.  It  occupies 
about  the  lower  two>thirds  of  the  trunk,  and  extenda  horn 
the  diaphragm  above  to  the  pelvic  floor  below.  Ab  its  walls, 
except  in  the  pelvic  region,  are  chiefly  formed  of  muscles 
and  of  fibrous  membrane,  they  are  much  more  distensible 
than  those  of  the  thorax,  and  permit  considerable  modifi- 
cations in  the  size  of  the  viscera,  contained  within  the 
cavity,  to  occur. 

The  abdomen  is  elongated  in  form:  its  vertical  HmmAt^r 
is  greater  than  either  the  transverse  or  the  antero-posUtfior 
diameter.  The  superior  boundary  is  formed  by  the  con- 
cave vault  of  the  diaphragm,  and  by  the  seven  lower  pairs 
of  ribs  and  costal  cartilages:  in  this  boundaiy  occur  the 
opening  through  which  the  oesophagus  passes  into  the 
abdomen ;  also  the  apertures  for  the  transmlBsion  of  the 
great  blood-vessek,  the  nerves  and  the  thoracic  duct  The 
inferior  boundary  is  formed  by  the  levatores  ani  and 
coccygei  muscles,  and  the  pelvic  fascia :  in  relation  to  this 
boundary  are  the  termination  of  the  rectum  and  anal  ori- 
fice, the  termination  of  the  urethra,  and  in  the  female  that 
of  the  vagina  also.  The  anterior  boundaiy  is  formed 
above  by  the  muscles  of  the  anterior  abdominal  wall  and 
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the  fascia  trans venalis:  the  linea  alba  occupies  its  middle 
line,  and  about  the  middle  of  the  linea  alba  is  the  um- 
bilicus or  navel :  the  anterior  wall  below  is  formed  by  the 
two  pubic  bones  with  the  symphysis.  The  lateral  walls,  or 
flanks,  are  formed  above  by  the  flat  muscles  of  the  abdomi- 
nal wall  and  the  fascia  transversalisy  and  below  on  each 
side  by  the  ilium  and  ischium  with  the  muscles  attached 
to  them.  The  posterior  wall  is  formed  by  the  lumbar 
spine,  sacrum,  and  coccyx,  and  by  the  muscles  attached  to 
these  bones  with  their  accompanying  f asci». 

The  abdomen  is  primarily  divided  into  the  pdirU  and 
dMomen  proper.  The  pdvU  is  subdivided  into  the  faUe 
pelvUj  or  part  above  the  pelvic  brim,  and  true  pdvia,  or 
part  below  the  pelvic  biim. 

The  abdomen  proper  is  subdivided  into  nine  regions,  the 
boundaries  of  which  are  not  regulated  by  anatomical  struo- 
turoB,  but  by  certain  lines  drawn  upon  the  surface  of  the 
body,  which  are  supposed  to  be  prolonged  through  the 
cavity  in  imaginary  planes.  An  upper  horizontal  line  is 
drawn  on  a  bvel  with  the  most  prominent  part  of  the 
ninth  pair  of  costal  cartilages,  and  a  lower  horizontal  line 
on  a  level  with  the  summit  of  the  iliac  crest  Through 
these  lines  the  abdomen  is  divided  into  three  zones,  an 
upper  or  eoetal^  a  middle  or  Iwnbar^  a  lower  or  iliac  Each 
of  these  zones  i&  subdivided  into  three  regions  by  two 
vertical  lines  drawn  perpendicularly  upwards  from  the 
middle  of  Poupart's  ligament  The  costal  zone  Lb  sub- 
divided into  two  lateral  regions,  the  rigH  and  the  left 
hypoehandriun^  and  a  middle  or  epiffodrium;  the  epiga^^ 
trium  lies  immediately  below  the  xiphi-stemum,  in  the 
interval  of  divergence  between  the  costal  cartilages  of 
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opposite  sides,  and  is  sometimes  called  the  pit  oC  the 
stomach ;  whilst  the  hypochondriac  regions  are  uider  cover 
of  the  lower  ribs  and  costal  cartilages.     The  lumbar  aone 
is  subdivided  into  two  lateral  regions,  the  rigki  and  the 
left  lumbar  regions,  or  the  loins,  and  a  middle  or  umbUieal 
region ;  in  the  middle  of  the  umbilical  region  is  the  navel, 
which  is  placed  opposite  the  body  of  the  fourth  lumbar 
vertebra.    The  iliac  zone  is  subdivided  into  two  lateral 
regions,  the  right  and  the  ^  iliac  r^ons,  and  a  middle 
or  hypogastrium ;  the  hypogastrium  is  situated  immedi- 
ately above  the  pubic  symphysis  and  the  bodies  of  the 
two  pubic  bones,  and  opposite  the  bodies  of  the  sacral 
vertebm.    The  position  of  the  viscera  in  these  regions 
will  be  given  in  the  account  of  their  descriptive  anatomy. 
The  Pebttonbuh  is  the  largest  and  most  complicated 
serous  membrane  in  the  body.    Like  the  other  sennis 
membranes,  it  not  only  lines  the  walls  of  the  cavity  in 
which  it  Lb  situated,  but  gives  a  more  or  less  complete  in- 
vestment to  the  contained  viscera.    It  is  arranged,  there- 
fore, so  as  to  f  onn  a  parietal  and  a  visceral  part,  which  are 
continuous  with  each  other  in  the  various  regions,  where 
the  part  lining  the  wall  is  reflected  as  a  covering  upon  the 
viscera.     A.  space  or  cavity,  called  the  peritoneal  eaviif^  is 
enclosed  between  the  parietal  and  visceral  layera.    This 
cavity,  as  in  other  serous  membranes,  is  a  closed  or  shut 
sac,  without  any  communication  externally,  except  in  the 
female,   where  the  two  Fallopian    tubes  open  into  it 
Through  these  openings  the  mucous  membrane  lining  the 
tubes  becomes  continuous  with  the  serous  membrane,  and 
a  communication  is  established  between  the  lumen  of  eaeb 
tube  and  the  peritoneal  cavity.     That  surface  of  both  the 


PEBITONBUM.  675 

parietal  and  Tuoeral  portion  of  the  peritoneum,  which  lies 
next  to  the  cavity,  is  free,  smooth,  covered  by  an  epithe- 
lium, and  lubricated  by  a  little  serous  fluid,  which  under 
some  pathological  conditions  may  be  greatly  increased  in 
quantity,  so  as  to  cause  abdominal  dropsy.  The  moisten- 
ing of  the  two  free  surfaces  by  the  serum  pennits  them  to 
glide  smoothly  on  each  other,  during  the  movements  of  the 
viscera,  and  the  changes  which  take  place  in  their  size  and 
position.  The  opposite  surface  of  the  peritoneum  is 
attached — that  of  the  parietal  part  to  the  fascie  situated 
internal  to  the  abdominal  muscles — ^that  of  the  visceral 
part  to  the  subjacent  coat  of  the  several  organs. 

The  attached  surface  of  the  parietal  port  is  connected  to 
the  abdominal  fasda  by  areolar  tissue,  which  is  usually  so 
loose  as  to  permit  the  peritoneum  to  be  stripped  off  with 
out  difficulty.  In  some  localities,  as  the  region  of  the 
kidneys,  the  iliac  foesn  and  the  inguinal  r^ons,  fatty 
tissue,  often  in  considerable  quantities,  is  developed  ex- 
ternal to  the  peritoneum.  To  this  fat,  and  the  areolar 
tissue  in  which  it  lies,  the  name  of  sub-peritoneal  fat  and 
areolar  tissue  is  usually  applied,  but  the  name  extra^perir 
Umeai  would  more  appropriately  express  its  position.  It 
is  in  this  fat  and  areolar  tissue  that  the  extra-peritoneal 
vessels,  already  referred  to  (pp.  432,  525),  ramify. 

The  parietal  part  of  the  peritoneum  is  in  some  localities 
elevated  into  folds,  or  dimpled  into  foesao.  In  the  middle 
of  the  anterior  abdominal  wall,  is  a  longitudinal  fold  ex- 
tending from  the  fundus  of  the  bladder  to  the  navel,  and 
marking  the  position  of  the  obliterated  urachus.  On  each 
side  of,  and  somewhat  removed  from,  this  mesial  fold  is  a 
lateral  fold,  also  extending  towards  the  navel,  and  mark- 
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ing  the  position  of  the  obliterated  hjrpogastric  artery;  and 
outside  this  again  is  a  slight  fold  along  the  course  of  the 
deep  epigastric  artery.  Between  the  urachal  and  hypo- 
gastric folds  is  a  dimple-like  fossa:  between  the  hypo- 
gastric and  epigastric  folds  is  a  similar  depression.  Im- 
mediately external  to  the  epigastric  fold  is  a  depression 
corresponding  to  the  internal  or  deep  abdominal  ring — ^the 
entrance  to  the  inguinal  canaL  Lnmediately  bc^ow  the 
inner  end  of  Foupart's  ligament,  another  depression  may 
sometimes  be  seen,  which  marks  the  crural  ring,  or  entrance 
into  the  crural  canaL  The  inguinal  and  crural  fossa  are  of 
great  surgical  interest  in  relation  to  the  seats  of  inguinal 
and  femoral  hemiae. 

In  the  posterior  abdominal  wall,  immediately  to  the  left 
of  the  junction  of  the  duodenum  and  jejunum,  and  on  a 
level  with  the  left  side  of  the  2nd  lumbar  vertebra,  a  pocket- 
like  involution  of  the  peritoneum,  about  the  sice  of  a  wal- 
nut, is  sometimes  seen.  The  entrance  to  this  pocket  is 
marked  by  a  crescentic  fold  of  the  peritoneum  continnoos 
with  the  meso-colic  fold  Coils  of  the  small  intestine  have 
been  known  to  become  incarcerated  in  this  pocket,  a  con- 
dition which  has  been  named  retro-peritoneal  hernia, 
though  the  name  intra-peritoneal,  as  suggested  by  J. 
Ghiene,  would  be  more  appropriate.  A  pocket-like  invo- 
lution of  the  peritoneum  sometimes  exists  behind  and 
below  the  coecum;  and  another  in  the  peritoneal  fold  at 
the  junction  of  the  sigmoid  flexure  of  the  colon  with  the 
rectum,  both  of  which  may  become  the  seats  of  an  intn- 
peritoneal  hernia. 

Special  names  are  applied  to  the  folds  or  duplicatures  of 
the  peritoneum,  which  pass  from  the  wall  of  the  abdomoD 
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to  the  Tisoera.  In  the  caae  of  the  liver,  spleen,  bladder, 
and  utems,  these  folda  are  named  lig'ammUf  whilst  the 
corresponding  folds  which  pass  to  the  intestine  have 
received  the  name  of  mesenteries.  Folds  of  peritoneum 
also  pass  between  certain  of  the  viscera  themselves,  and 
these  are  caUed  omentcL 

To  understand  the  disposition  of  the  peritoneum  in 
relation  to  the  viscera,  it  will  be  necessary  to  follow  it 
from  the  wall  to  the  different  viscera,  and  from  one  viscus 
to  another.    If  we  commence  with  the  roof  of  the  abdo- 
men, we  find  that  the  peritoneum  is  reflected  from  the 
under  surface  of  the  diaphragm  to  the  liver,  to  form  the 
suspensory^  coronary^  and  lateral  ligaments  of  that  oigan; 
also  from  the  diaphragm  to  the  spleen  as  its  suspensory 
ligament;  also  from  the  diaphragm  to  the  stomach  at  its 
junction  with  the  oesophagus  as  the  gastro-phrenie  ligament; 
also  from  the  diaphragm  to  the  splenic  flexure  of  the 
colon  as  the  pkrenioo<olic  ligament.    The  liver  is  invested 
by  the  peritoneum,  which  is  reflected  from  the  lips  of  its 
transverse  fissure  to  the  lesser  curvature  of  the  stomach,  as 
the  two  layers  of  the  gastro-hepatie  or  small  omentum.  The 
anterior  layer  of  this  omentum  is   prolonged   over   the 
anterior  surface  of  the  stomach,  and  the  posterior  layer 
over  its  posterior  surface,  as  far  as  the  greater  curvature. 
Both  layers  then  leave  the  stomach  and  form  the  descend- 
ing layers  of  the  great  omentum^  which  hangs  pendulous, 
like  an  apron,  in  front  of  the  coils  of  the  small  intestine, 
and  forms  a  free  border  below.     At  its  left  border  the 
great  omentum  becomes  continuous  with  the  gastro-eplenic 
omentum,  and  at  its  right  border  it  reaches  the  hepatic 
flexure  and  upper  end  of  the  ascending  coIoil     At  the 
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lower  free  border  of  the  great  omentum,  these  descending 
layers  bend  upwards  as  the  ascending  layers  of  the  great 
omentum,  and  in  their  ascent  meet  the  transverse  colon, 
when  the  two  ascending  layers  separate  from  each  other  in 
order  to  enclose  the  transverse  colon.  After  enclosing  it, 
they  again  come  together,  and  pass  backwards  to  the  spine  as 
the  transverse  meso-colon*  The  two  layers  of  the  transverse 
meso-colon  then  separate  from  each  other.  The  one 
ascends  in  front  of  the  pancreas  to  the  diaphragm,  where 
it  becomes  continuous  with  the  posterior  layer  of  the 
coronary  and  left  lateral  ligaments  of  the  liver.  The  other 
descends  as  the  anterior  layer  of  the  mesentery,  reaches  the 
coils  of  the  jejunum  and  ileum,  is  prolonged  around  the 
wall  of  the  gut,  and  then  ascends  to  the  spine,  as  the 
posterior  layer  of  the  mesentery.  The  line  of  attachment 
of  the  two  layers  of  the  mesentery  to  the  front  of  the  spine 
is  called  the  root  of  the  Tnesentery.  From  this  line  the 
peritoneum  spreads  out  laterally;  on  the  right  side  of  the 
abdomen  it  covers  the  anterior  and  lateral  surfaces  of  the 
coocum  and  ascending  colon,  but  not  the  posterior  surface; 
on  the  left  side  of  the  abdomen  it  has  a  similar  relation  to 
the  descending  colon,  but  it  forms  a  complete  investment 
for  the  sigmoid  flexure  of  the  colon,  and  is  reflected  to 
the  left  iliac  fossa  as  the  sigmmd  m^eso-colon. 

From   the   root  of  the  mesentery  the  posterior  layer 

*  This  arrount  of  the  relation  of  the  omentum  to  the  transverse  colon 
and  Tneso-cf)lon  is  in  conformity  with  the  arranjjement  one  sees  in  the 
adult  body,  and  acconls  with  the  description  usually  found  in  the  text 
books.  But  it  should  be  stated,  that  observations  have  been  made  by 
various  anatoini.sts  which  prove  that,  in  the  f<vtus,  the  transverse  me>o- 
rolou  is  a  fold  of  the  peritoneum  quite  distinct  from  the  ascending 
layers  of  tlie  great  onjeiitum,  and  that  the  arranirement  seen  in  the 
adult  is  due  to  a  secouvUiry  fusion  of  these  peritoneal  folds  with  each 
otiier. 
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descends  in  front  of  the  aorta  and  lumbar  spine  into  the 
pelvis,  where  it  invests  the  apper  end  of  the  rectum  and 
forms  the  nuso-rectum.  It  only  partially  covers  the  second 
part  of  the  rectum,  and  is  reflected  from  it  to  the  base  and 
sides  of  the  bladder  to  form  the  posterior  fcdte  ligaments  of 
the  bladder.  Between  the  bladder  and  the  rectnm  the  peri- 
toneum forms  a  well-defined  ponch,  the  recto-vesiccU  pouch. 
In  the  female  the  uterus  and  vagina  being  interposed 
between  the  rectum  and  bladder,  the  disposition  of  the 
|»elvic  part  of  the  peritoneum  is  modified  as  follows : — 
The  membrane  passes  from  the  rectum  to  the  upper  end  of 
the  back  of  the  vagina,  and  is  then  prolonged  over  the  pos- 
terior surface  of  the  uterus,  the  fundus  uteri,  and  Fallopian 
tubes,  and  over  about  the  upper  two-thirds  of  the  anterior 
surface  of  the  uterus.  From  the  sides  of  the  uterus  it  is 
reflected  to  the  sides  of  the  pelvic  cavity  as  the  hroad 
ligaments  of  the  uterus,  and  from  the  front  of  the  uterus 
to  the  back  of  the  bladder.  In  both  sexes  the  bladder  has 
no  peritoneal  covering  on  its  anterior  wall,  for  the  mem- 
brane is  reflected  from  its  sides  to  the  pelvic  waU,  as  the 
lateral  false  ligaments^  and  from  its  fundus  along  the  line 
of  the  urachus  to  the  anterior  abdominal  walL  as  the 
superior  false  ligament. 

The  spleen  is  invested  by  the  peritoneum,  which  is 
reflected  from  its  hilus  to  the  stomach,  as  the  two  layers 
of  the  gcutro-splenie  omentum,  which  again  becomes  con 
tinuous  with  the  great  omentum.  The  vessels  and  nerves 
which  pass  to  the  spleen  lie  between  the  two  layers  of  the 
gastro-splenic  omentum;  those  which  go  to  the  stomach 
between  the  two  layers  of  the  gastro-hepatic  omentum,  also 
between  the  two  descending  layers  of  the  great  omentum; 
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those  which  go  to  the  liver  between  the  two  layers  of  the 
gastro-hepatic  omentum.  The  Teasels  and  nerves  of  the 
jejunum  and  ileum  are  between  the  anterior  and  posterior 
layers  of  the  mesentery,  and  those  of  the  transverse  colon, 
sigmoid  flexure,  and  rectum,  between  their  respective 
mesenteric  folds.  Between  the  layers  of  the  omenta,  and 
those  of  the  mesenteric  folds,  fatty  tissue  is  developed, 
often  in  considerable  abundance. 

The  general  cavity  of  the  peritoneum  consists  of  two 
compartments,  which  communicate  with  each  other  through 
a  constricted  passage,  the  so-called  Joramen  of  Window. 
The  larger  of  these  compartments,  or  greater  cavity  of 
the  peritoneum,  is  opened,  when  the  anterior  abdominal 
wall,  and  the  parietal  layer  of  peritoneum,  which  lines  it^ 
are  cut  through.  It  extends  from  the  diaphragm  above  to 
the  pelvis  below,  is  in  front  of  the  stomach,  great  omentum, 
and  intestine,  and  is  the  best  known  of  the  peritoneal 
compartments.  The  smaller  compartment  or  les»er  cavity 
of  the  peritoneum^  lies  behind  the  gastro-hepatic  omentum 
&nd  the  stomach,  and  is  prolonged  downwards  between  the 
descending  and  the  ascending  layers  of  the  great  omentum 
as  the  tacofthe  omentum.  Its  posterior  boundary  is  formed 
by  the  layer  of  peritoneum,  which  ascends  in  front  of  the 
pancreas  to  the  diaphragm,  to  become  continuous  with  the 
posterior  layer  of  the  coronary  and  the  left  lateral  ligaments 
of  the  liver.  It  is  closed  in  below  by  the  omentum,  traos^ 
verse  colon,  and  transverse  meso-colon,  and  above  by  the 
liver,  diaphragm,  and  coronary  ligament  It  is  walled  in 
on  the  left  by  the  spleen  and  gastro-splenic  omentam, 
whilst  on  the  right  it  communicates  with  the  greater 
cavity  of  the  peritoneum  through  the  foramen  of  Wiaslow. 
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Thia  ao-called  fommea  is  not  a  hole,  or  break  in  the  cond- 
nnity  of  the  peritoneal  membrane,  but  a  couBtricted  passage, 
sitnatad  behind  the  right  free  border  of  the  small  omentum, 
where  the  portal  vein,  hepatic  arteiy,  and  bile  dnct  are 
ascending  to  the  transverse  fissure  of  the  liver.    The  passage 


Fio.  US^DUfruB  of  ■  IrwivrenB  HcUon  Ihrmiffb  thv  Abdomn  uid  Fnluinflnn 
In  tbe  nflon  of  llu  itma  carkr  of  thfl  poTlUHieua  aod  of  the  Fotamoi  of 
WiMlav.  «  Momchi  tf,  (plma.  Ilw  itaniKti  ud  ipleen  ira  >i[ichi>d 
lofffho  fey  llw  futro-ntonlc  oiDentDni,    tr. «r,  luprm-raakl  upAoLH;  d,  fU^ 


is  bounded  posteriorly  b;  the  peritoneal  membranecoTering 
the  inferior  vena  cava ;  above  it  is  bounded  by  the  Spigelian 
lobe  of  the  liver,  and  below  bj  the  duodenum.  Through  it 
not  only  does  the  greater  cavity  of  the  peritoneum  com 
muuicate  with  the  leaser,  but  the  membrane  lining  tbe 
greater  is  continuous  with  that  of  the  lesser  cavity.  The 
foramen  is  sufficiently  large  to  admit  of  the  passage  of  two 
fingers,  and  through  their  agency  the  extent  of  the  lesser 
cavity  may  be  examined.  But  a  fuller  view  of  this  cavity 
may  be  obtained  by  detaching  the  great  omentum  from 
the  greater  curvature  of  the  stomach  and  then  drawing 
the   stomach  forwards.     The  prolongation  of  the  lesser 
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cavity,  as  the  sac  of  the  omentum,  between  the  ascending 
and  the  descending  layers  of  the  great  omentum,  is  seen 
most  readily  in  young  persons  ;  for  in  adults  it  is  not  un- 
common to  find  these  layers  fused  together,  or  even 
riddled  with  numerous  holes. 

The  parietal  layer  of  the  peritoneum  is  supplied  with 
blood  by  the  eztrarperitoneal  arterial  pleins  already  de- 
scribed (p.    433).      The  visceral  layer  is   supplied  by 
branches  of  the  arteries,  which  pass  to  the  viscera  that  it 
invests.     Lymphatic  vessels  form  networks  in  the  sab- 
endothelial  layer  of  connective  tissue,  and  communicate 
through  microscopic  stomata  with  the  peritoneal  cavity. 
Nerves  pass  to  the  diaphragmatic  peritoneum  from  the 
phrenic  nerve,  to  the  parietal  peritoneum  of   the  lumbar 
regions  from  the  lower  intercostals,  and  to  the  pelvic  peri- 
toneum from  some  of  the  sacral  nerves.    Twigs  from  the 
sympathetic  plexus  apparently  pass  to  the  visceral  pen- 
toneuBL 
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The  Btomacli  is  the  bag-like  dilatation  of  the  alimentary 
eanaly  connecting  the  cesophagos  with  the  duodenum,  in 
which  the  food  is  mingled  with  the  gastric  juice,  and  con- 
Terted  into  a  pulpy  substance — the  chjane.  The  stomach 
is  situated  in  the  costal  zone  of  the  abdominal  cavity;  three- 
fourths  of  its  volume,  according  to  Luschka,  being  con- 
tained in  the  left  hypochondrium,  whilst  the  remaining 
fourth  extends  into  the  epigastrium.  About  five-sixths  of 
the  organ  lies  to  the  left  of  the  mesial  plane,  and  one- 
sixth  to  the  right  The  stomach  varies  in  size,  shape,  and 
somewhat  in  position,  according  as  it  is  empty  or  full  of 
food.  When  moderately  full  it  is  about  one  foot  in  length, 
whilst  its  greatest  transverse  diameter  is  four  to  five  inches. 
Its  general  shape  \b  pjrriform,  and  it  may  be  described  as 
possessing  two  extremities,  two  surfaces,  and  two  borders. 
The  larger  extremity,  called  ihe/undw^  cardiac  extremity, 
or  great  cnl-de-MC,  is  directed  upwards  so  as  to  be  in  con- 
tact with  the  under  surface  of  the  diaphragm,  whilst  the 
smaller  end,  pyloric  or  duodenal  extremity^  is  directed 
downwards,  curves  to  the  right,  and  becomes  continuous 
with  the  duodenum.  The  surfaces  form  the  aiUerior  and 
posterior  walU  of  the  stomach.  When  the  organ  is  empty, 
the  wails  are  flattened,  and  in  apposition  with  each 
other  by  their  inner  surfaces ;  but  when  it  is  distended 
they  are  curved;  the  anterior  convex  surface,  directed 
forwards  and  upwards,  is  in  relation  with  the  anterior 
abdominal  wall,  the  diaphragm,  and  the  under  surface 
of  the  liver;  the  posterior  surface,  also  convex,  directed 


buckwarda    and    downwards,   is    in    relation    with    tlie 
diaiihragm,  pancieas,  transverse  part  of  the  duodeoum, 
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spleen,  left  kidney,  and  supra-renal    capsule.     The  6ur- 

ihra  of  the  stomach  are  curved  and  unequal  in  size;  one 

onvez,  about  three  times  as  long  aa  the  other,  and 


rtf 


STOMACH.  687 

is  named  the  greater  curvature;  the  other  is  concave^  and 
forms  the  lesser  curvature.  The  curvatures  are  so  arranged 
that  the  greater  has  its  convexity  directed  downwards  and 
to  the  lefty  where  it  lies  in  relation  to  the  transverse  colon 
and  the  splenic  flexure  of  the  colon.  The  lesser  curvature 
has  its  concavity  directed  upwards  and  to  the  right;  for 
the  most  part  it  is  to  the  left  side  of  the  spinal  column 
with  which  it  is  almost  parallel;  it  lies  in  relation  to 
the  coeliac  axis.  The  oesophagus  opens  into  the  stomach 
at  the  upper  end  of  the  lesser  curvature,  and  the  cardiac 
orifice  lies  behind  and  opposite  to  the  sternal  fourth  of  the 
seventh  left  costal  cartilage.  Above  this  orifice  the 
stomach  expands  into  the  fundus,  which  is  situated  in 
the  highest  part  of  the  left  hypochondrium,  and  occupies 
therefore  the  summit  of  the  vault  of  the  left  half  of  the 
diaphragm.  At  the  lower  and  right  end  the  two  curva- 
tures lie  almost  horizontally  in  the  epigastrium  and  ter- 
minate at  the  pylorus,  where  the  stomach  becomes  continu- 
ous with  the  duodenum.  The  pylorus,  or  gate  of  the 
stomach,  is  situated  in  the  epigastrium  about  three  fingers' 
breadth  below  the  ensiform  cartilage,  and  immediately  to 
the  right  of  the  mesial  plane.  The  junction  of  the  stomach 
with  the  duodenum  is  marked  by  a  circular  constriction 
externally,  called  the  pyloric  constriction^  and  by  a  valve 
internally,  the  pyloric  valve.  At  its  pyloric  end  the 
stomach  presents  a  small  bulging,  the  lesser  cvl-de-sac^  or 
aiUrum  pylori.  Occasionally  another  constriction  surrounds 
the  stomach  between  its  pyloric  and  oesophageal  portions, 
so  as  to  give  it  the  appearance  of  an  hour-glass,  and 
imperfectly  to  separate  it  into  two  chambers. 

The  stomach  does  not,  as  has  often  been  stated,  lie 
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itransversely  across  the  abdominal  cayity,  but^  as  has  been 
clearly  pointed  ont  by  Luschka,  is  for  the  most  part 
placed  vertically  in  the  left  hypochondrium,  so  that  the 
fundus  is  the  uppermost  part  of  the  organ;  whilst  the 
pylorus,  which  curves  to  the  right  into  the  epigastrium, 
forms  its  lower  extremity.     Owing  to  the  vertical  direction 
•of  the  stomach  in  the  left  hypochondrium,  the  6th,  6th, 
7th,   8th,   and  9th  ribs,    separated    of    course  by  the 
diaphragm,  arch  in  front  of  it,  for  a  greater  or  less  dis- 
tance; and  its  fundus,  the  diaphragm  intervening,  is  in 
relation  to  the  base  of  the  left  lung,  the  heart,  and  peri- 
cardium.    When  greatly  distended  the  stomach  acquires 
more  extensive  relations.     It  may  push  the  transverse  colon 
to  one  side,  and  may  reach  into  the  umbilical,  left  lumbar, 
or  even  the  left  iliac  region.     Its  fundus  also  may  press 
upwards  the  left  half  of  the  diaphragm,  interfere  with  the 
descent  of  that  muscle  during  deep  inspiration,  and  affect 
the  position  and  action  of  the  heart  In  the  distended  condi- 
tion  the  greater  curvature  of  the  stomach  is  thrown  forward, 
so  as  to  lie  in  relation  to  the  anterior  abdominal  walL 

The  stomach  is  retained  in  position,  partly  by  its  con- 
nections  with  the  oesophagus  and  duodenum,  partly  by  tlie 
pressure  of  the  surrounding  abdominal  walls  and  viscera, 
and  partly  by  folds  of  peritoneum  which  pass  from  it  to 
the  adjacent  structures.  Tliese  folds  are  as  follows: — 
The  gastro-phrenic  Itgament  extends  from  the  diaphragm 
to  the  stomach  in  the  angle  between  the  oesophagus  and 
the  cardiac  extremity :  the  gcutro-hepcUic^  or  wnall  omentum,. 
passes  from  the  lesser  curvature  of  the  stomach  to  the  lifw 
of  the  transverse  fissure  of  the  liver ;  the  g<mtro-9pltnir 
innentum  from   the  cardiac   end  of  the  stomach  to   the 
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Spleen  ;  the  gcuiro^eolic,  or  great  omentum^  descends  from 
the  greater  curvature  of  the  stomach  in  front  of  the  coils 
of  the  small  intestine,  and  then  ascends  to  enclose  the 
transverse  colon. 

Structure  of  the  Stomach, 

The  wall  of  the  stomach  consists  of  four  coats,  named 
from  without  inwards,  serous,  muscular,  sub-mucous,  and 
mucous  coats. 

The  external  or  uroue  eoai  is  that  part  of  the  peritoneal 
membrane  which  encloses  the  stomach ;  one  layer  covering 
the  anterior,  the  other  the  posterior  surface.  It  leaves  the 
stomach  at  the  curvatures,  where  it  forms  the  great  and 
small  omenta,  and  along  these  borders  the  two  layers 
enclose  between  them  the  blood-vessels  and  nerves  which 
supply  the  organ.  The  serous  coat  \b  loosely  united  to  the 
subjacent  muscular  coat  by  areolar  tissue,  which  is  some- 
times called  the  eubserotis  coat. 

The  muscular  coat  consists  of  non-striped  fibres  arranged 
in  three  layers  from  without  inwards.  The  outer  layer 
consists  of  loftgiiudincU  fasciculi,  which  are  continuous 
with  the  external  longitudinal  layer  of  the  oesophagus. 
They  form  scattered  fasciculi  extending  longitudinally  over 
the  surface  of  the  stomach  from  cardia  to  pylorus,  but 
along  the  two  curvatures,  more  especially  the  lesser,  they 
are  collected  into  stronger  bundles,  and  at  the  pylorus 
become  continuous  with  the  longitudinal  fibres  of  the 
duodenum.  The  middle  layer  consiBts  of  circular  fasciculi, 
which  form  a  ring-like  arrangement  transversely  to  the 
long  axis  of  the  stomach.  These  fasciculi  are  comparatively 
thin  and  scattered  at  the  cardiac  end,  but  as  they  approach 
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the  pylorus,  they  become  more  closely  aggr^ated,  so  as  to 
form  a  thick  layer,  which  at  the  pylorus  extends  into  the 
pyloric  valve,  and  forms  the  gpkineter  pylori  muscle.     The 
circular  fibres  of  the  stomach  are  in  the  same  morphological 
plane  as  the  circular  fibres  of  the  oesophagus  and  duode- 
num.    The  inner  layer  consists  of  oblique  fasciculi,  which 
are  not  found  over  the  entire  organ  ;  the  greater  number 
spring  from  the  left  side  of  the  cardiac  orifice,  and  radiate 
on  the  anterior  and  posterior  surfaces  towards  the  pylorus 
and  greater  curvature.  Henle  and  Pettigrew  have  described 
a  group  of  short  oblique  fasciculi  as  spreading  from  the 
right  side  of  the  caniiac  orifice  over  the  anterior  and  pos- 
terior surfaces  of  the  fundus,  and  the  latter  author  has 
described  oblique  fibres  investing  the  pylorus  ;  Pettigrew 
indeed  considers  that  the  circular  layer  consists  of  veiy 
oblique  fibres  intersecting  each  other  in  figure  of   eight 
loops.     These  oblique  fibres  by  their  contraction  approxi- 
mate the  cardia  to  the  pylorus,  the  great  curvature  to  thfi 
smaller,  and  the  anterior  to  the  posterior  wall :  they  are 
thus  the  true  grinding  muscles  of  the  stomach,  and  have 
been  compared  to  the  muscular  gizzard  of  the  bird.     From 
the  relation  of  the  two  groups  of  oblique  fibres  to  the 
cardiac  orifice  they  probably  close  that  opening  daring 
gastric  digestion.      The  longitudinal  and  circular   fibres 
occasion  a  longitudinal  shortening  and   transverse    oon- 
striction  of  the  stomach.     By  the  action  of  the  mnacalar 
coat  the  food  is  churned  about  in  the  stomach,  so  as  to 
become  thoroughly  intermingled  with  the  gastric    joiot. 
The  contraction  of  the  sphincter  pylori  closes  the  pylorv- 
orifice,  and  prevents  the  passage  of  the  food  into  th« 
duodenum,  before  it  is  converted  into  chyme. 
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The  ntbmueoui  eoai  lies  immediately  subjacent  to  the 
obh'qne  layer  of  the  mnscnlar  coat,  and  forms  the  bond 
of  unioQ  between  that  coat  and  the  mucous  membno& 
It  coDsiata  of  the  areolar  Tariety  of  connective  tisane, 
mingled  with  elastic  fibres,  and  in  it  the  blood-veesels 
ramify  before  they  pass  into  the  mucous  membrane. 

The  mveout  or  intemai  coat  lines  the  cavity  of  tbe 
stomach,  aod  is  continootis  with  the  mucous  membiaae  of 
the  lESophagus  and  duodenum.     It  is  a  soft,  pulpy  mem- 
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brana,  of  a  pink  colour,  which  becomes  redder  during 
digestion,  owing  to  turgescence  of  the  Uood-veasela.  At 
the  pyloric  end  it  is  often  sUined  yellow  or  green  with 
bile,  and  in  old  people  it  has  a  brown  colour,  from  forma- 
tion of  pigment.     In  the  empty  stomach  it  ia  thrown  into 
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folds  or  rugoBf  which  have  usually  a  longitudinal  direction, 
but  when  distended  the  rugse  are  obliterated,  aai  the 
surface  of  the  mncous  membrane  is  smooth.  This  mem- 
brane 18  usually  said  to  be  thicker  at  the  pyloric  end  than 
in  the  fundus ;  but  Brinton,  who  had  opportunities  of  exa- 
mining the  stomach  of  healthy  young  adults  immediately 
after  death,  found  the  cardiac  mucous  membrane  to  be 
more  than  twice  as  thick  as  the  pyloric  :  he  ascribes  the 
thinning  of  the  cardiac  mucous  membrane  to  the  effects  of 
post-mortem  digestion,  owing  to  the  graritation  of  the 
gastric  juice,  in  the  recumbent  position  of  the  dead  body, 
into  the  fundus  of  the  stomach. 

If  the  free  surface  of  the  gastric  mucous  membrane  be 
examined  with  a  pocket  lens  it  will  be  seen  to  be  pitted 
with  shallow  depressions  or  alveoli,  polygonal  in  form,  and 
varying  from  i^th  to  i^th  inch  in  diameter.  In  the 
sides  and  bottom  of  each  of  these  pits  numerous  roonded 
orifices  may  be  seen,  which  are  the  mouths  of  the  gastric 
secreting  glands.  If  vertical  sections  be  now  made 
through  the  mucous  membrane,  these  glands  will  be  see& 
to  be  tubular  in  form.  They  are  closely  crowded  together, 
and  extend  through  the  thickness  of  the  mncoea;  their 
deeper  closed  extremity  being  in  relation  to  the  sabmacou^ 
coat,  whilst  the  open  mouth  of  the  gland  is  at  the  surface 
of  the  mucous  membrane. 

In  the  human  stomach  the  tubular  glands  are,  for  the 
most  part,  simple,  almost  straight  cylinders,  and  posscsai 
an  average  length  of  ^^^th  inch,  and  a  breadth  of  about 
7^th  inch.  They  are  somewhat  dilated  at  their  orifiees^ 
and  at  their  closed  ends  give  rise  to  ccecal  pouches.  Thr 
wall  of  the  tubes  consists  of  a  condensation  of  the  inter 
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gluDdutar   couaecttve   tissue,    which   forms  a   membrauii 
propria ;  flat  stellate  cells  are  said  to  occur  in  it.     For 
about  the  upper  fourth  or  tifth  of  their  length  the  tubes 
are  lined  by  a  single  layer  of  columnar  epithelium,  con- 
tinuous with   the  columnar  epithelium  covering  the  fret 
surface   of   the  gastric  mucous 
membnioe.     In  these  colomnar 
cells    the   uucleiu    is    situated 
close  to  the  attached  end  of  the 
c«ll     In  the  Eest  of  the  gland- 
tube  Brinton  found  two  kinds  of 
cells.     The  one  consisted  of  the 
so-called     ptjAie     cell*,     about 
y^Vn'^  '"*=''  !■>  diameter,  and  of 
an  OToid  or  eomewbat  polygond 
form,  which  lay  next  to  the  wall 
of  the  gland.     The  other  kind, 
somewhat  cubical  in  form,  lined 
the  very  narrow  central  canal  of 
the  gland,  and  formed  an  axial  ''' 
^ajTM-,  vhich  was  continuous  above 
with  the  colnmnar  epithelium  lin- 
ing the  upper  end  of  the  tube,     r™.""'™  Br!E'™?^*"''" 
Brintou  stated  that  this  dimor- 
phous structure  of  the  gastric  glands  exists   throughout 
the  vertebrata. 

It  is  in  the  dog  and  cat,  however,  that  the  structure  of 
the  gastric  mucous  membrane  has  especially  been  studied, 
and  two  kinds  of  glands  have  been  described.  The  one, 
situated  especially  in  the  r^ou  of  the  pylorus,  coosists 
for  the  moat  part  of   simple  tubes,  which  may  however 
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branch  nt  their  deeper  end :  they  h&ve  been  called  the 
mtteous  glandt.  They  are  lined  by  a  colamoar  epithelium, 
the  cells  of  which  at  the  deeper  end  of  the  glaod  are 
more  cubical  in  form,  and  have  a  clouded  granular  appear- 
ance. The  other  kind  of  gland  is  situated  in  the  remain- 
ing part  of  the  gaatric  mucous  membrane,  and  consiatB  of 
tubes  which  divide  nsually  into  four  branches  ;  they  have 
been  named  the  jt^ic  glands.  The  cellular  liniog  of 
these  peptic  glands  closely  corre- 
sponda  with  the  dimorphoos 
arrangement  in  the  hnman  atcunach 
already  referred  ta  The  tvD 
forms  of  cells  in  the  deeper 
branched  part  of  the  gland  were 
first  observed  by  KolUker  in  the 
dog,  and  have  since  been  apeciallT 
studied  byHeidenhain,  Rollett,  anJ 
Frey.  According  to  the  last  twn 
observers,  the  axial  layer  of  crlU 
is  absent  in  a  certain  extent  of  the 
gland  tube,  below  the  place 
where  the  columnar  epitheliuB 
n'l^h  the  OuiricmDaHu  ceases,    and    Ute    cellnlar     linin; 

ibnne  of  •  nu.  to  ■boir  .  ,         ,  ,  " 

tdtiniir  pfpticg  land!,  e.  cunsiBia    merely  of   a    eoDtinnoc' 

^prptic«iu;  layer   of    peptic  cells.         In    tb* 

(  deeper  part  of  the  gland   agvn. 

•  both  kinds  of  cells    occur.      Het- 

denhain  states  that  in   a   faslinr: 

dog  the  glands   are  shninken,  and  the   axial  cells   tit 

transparent,  whilst  during  digestion  the  peptic  glands  ut 

swollen  out  and  the  cells  are  clouded  and  granular. 
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The  gastric  glands  axe  separated  from  each  other  by 
slender  prolongations  of  the  mnscnlaris  mucose,  and  by 
the  vascular  interglandolar  connective  tissue,  which  is 
soft,  delicate,  and  contains  a  small  proportion  of  lymphoid 
corpuscles  diffused  in  it  In  some  localities  the  lym- 
phoid tissue  may  be  collected  into  solitary  follicles,  form- 
ing the  lerUietdar  glands  of  the  stomach.  Beneath  the 
glands  is  a  well  defined  muscidarii  fnucoioe^  arranged  in 
two  layers,  which  gives  off  bundles  that  pass  between  the 
gastric  glands. 

The  gastric  mucous  membrane  is  highly  vascular :  small 
arteries  enter  it  from  the  submucous  coat,  and  terminate 
in  a  capillary  plexus,  situated  in  the  interglandular  con- 
nective tissue  surrounding  the  gastric  glands ;  a  vascular 
capillary  ring  surrounds  the  orifice  of  each  gland. 

The  pyloric  vcUve  is  the  name  given  to  the  circular  fold, 
situated  at  the  junction  of  the  stomach  and  duodenum, 
which  surrounds  the  pyloric  orifice.  This  fold  is  covered 
on  its  free  surface  by  mucous  membrane,  which  encloses 
the  submucous  coat  and  the  circular  layer  of  the  muscular 
coat,  but  not  the  longitudinal  layer,  or  the  serous  coat. 
That  portion  of  the  mucous  membrane  which  covers  the 
gastric  surface  of  the  valve  possesses  the  structure  of  the 
mucous  membrane  of  the  stomach ;  whilst  that  which 
covers  the  duodenal  surface  is  studded  with  villi,  and 
possesses  the  structure  of  the  intestinal  mucous  mem- 
brane. 

The  arteries  of  the  stomach  are  the  coronary  branch  of 
the  cosliac  axis,  and  branches  of  the  hepatic  and  splenic 
arteries.  They  form,  as  already  described  (p.  427), 
arterial  arches  along  the  greater  and  lesser  curvatures,  and 
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anastomosing  arrangements  in  the  anterior  and  posterior 
walls  of  the  stomach.  The  veins  of  the  stomach  are  root- 
lets of  the  portal  vein.  The  lymphatics  are  nameroas, 
and  form  a  superficial  and  a  deep  set  The  superficial 
run  along  the  curvatures.  The  deep  l3rmphatic8  arise  in 
the  gastric  mucous  membrane,  where  they  form  a  network 
between  the  glands  :  they  pierce  the  submucous  and  mua- 
Gular  coats,  and  join  the  superficial  lymphatics.  The 
nerves  of  the  stomach  are  derived  from  the  epigastric 
plexus  of  the  sympathetic  and  from  the  pneumogaatric 
nerves.  The  right  vagus  ends  in  the  posterior  wall  of 
the  stomach,  the  left  in  the  anterior  walL  Nerve  ceUs 
are  met  with  in  relation  to  the  nerves  both  in  the  muscular 
and  submucous  coats. 

INTESTINAL  CANAL. 

The  Intestinal  Canal,  Intestine,  Gut,  or  Bowel,  is  situ- 
ated  in  the  abdominal  cavity,  and  extends  from  the 
pyloric  opening,  or  gate,  of  the  stomach  to  the  orifice  of 
the  anus,  where  it  opens  on  the  surface  of  the  body  in 
the  region  of  the  perineum.  In  it  the  chyme  becomes 
mingled  with  the  bile,  the  pancreatic  fluid,  and  the  aecK- 
tions  of  the  intestinal  glands,  and  is  converted  into  chyle 
In  it  also  the  absorption  of  the  chyle  takes  place,  and  the 
insoluble  part  of  the  food  is  passed  onwards  to  be  excreted 
in  the  form  of  faeces.  The  intestine  is  the  longest  divi- 
sion  of  the  alimentary  canal,  and  measures  on  an  average 
about  twenty-five  feet  It  is  primarily  divided  into  two 
parts,  called  small  intestine  and  large  intestine ;  the 
length  of  the  small  is  about  twenty  feet,  that  of  the 
large  about  five  feet 
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The  SMALL  INTESTINE  ie  the  upper  of  the  two  divi- 
sions of  the  canal,  and  consistaofaconvoluted,  almost  cylin- 
drical tube,  which  reaches  from  the  pyloms  to  the  Gcecam, 
or  commencement  of  the  large   iiitestin&      It  is  sab- 
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divided  into  three  portions,  named   duodenum,  jejunum, 
and  ileum. 

The  Duodenum  is  the  commencement  of  the  small  in- 
testine, and  has  received  its  name  from  its  length  being 
regarded  as  about  equal  to  the  breadth  of  twelve  fingers. 
It  forms  the  shortest  and  widest  of  the  three  sub-divisions 
of  the  small  bowel ;  it  curves,  in  the  form  of  a  horse-shoe, 
from  the  pylorus  to  opposite  the  left  side  of  the  body  ot 
the  second  lumbar  vertebra,  where  it  becomes  continuous 
with  the  jejunum.  It  is  customary  to  regard  it  as  consist- 
ing of  three  i)arts,  an  ascending,  a  descending,  and  a  trans  - 
verse.  The  ascending  part  runs  from  before  backward 
slightly  upwards  and  to  the  right,  from  the  epigastrium 
into  the  right  hypochondriura,  where  it  comes  in  contact 
with  the  under  surface  of  the  liver  and  gall  bladder,  and 
is  usually  stained  green  by  the  bile.  The  descending  part 
passes  downwards  into  the  right  lumbar  region,  as  far 
as  the  second  or  third  vertebra.  It  lies  between  the 
pancreas  and  right  kidney,  goes  behind  the  transverse 
colon  and  the  meso  colon ;  and  the  common  bile  duct, 
running  down  behind  its  left  border,  perforates  its  wall 
along  with  the  pancreatic  duct. 

The  transverse  part  extends  into  the  umbilical  region, 
lies  behind  the  stomach  and  transverse  colon,  and  becomes 
continuous  with  the  jejunum  at  the  line  where  the  small 
intestine  is  crossed  by  the  superior  mesenteric  artery. 
The  head  of  the  pancreas  lies  in  the  concavity  of  tlie 
horse-shoe  curve  of  the  duodenum. 

The  duodenum  is  that  part  of  the  small  intestine  which 
is  most  fixed  in  its  position.  Its  ascending  part  is  con- 
nected to  the  liver  by  a  fold  of  peritoneum,  sometimes 
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called  tlie  hepatico-duodenal  ligamerU^  and  its  descending 
and  tranaveree  parts  are  attached  to  the  right  kidney  and 
posterior  wall  of  the  abdomen  by  connective  tissue.  Bat 
in  addition  a  suspensory  muscle,  composed  of  non-striped 
fibres,  has  been  described  by  Trettz  as  extending  from  the 
region  of  the  coellac  axis  and  superior  mesenteric  artery  to 
the  transverse  part  of  the  duodenum. 

The  duodenum  is  distinguished  from  the  rest  of  the 
small  intestine  by  having  the  ducts  of  the  b'ver  and 
pancreas  opening  into  its  canal,  by  containing  in  its  wall 
a  collection  of  compound  racemose  glands,  named  the 
glands  of  Brunner,  and  by  being  developed  from  the  primi> 
tive  foregut,  and  not,  like  the  jejunum  and  ileum,  from  the 
primitive  middle  gut  (p.  774).  Like  the  stomach,  it 
should  be  regarded  as  a  distinct  segment  of  the  alimentary 
canal. 

The  JBJX7NUM  and  Ileum  form  by  far  the  longest  part 
of  the  small  intestine,  and  are  not  separated  from  each 
other  by  any  sharp  line  of  demarcation  :  the  upper  two-fifths 
being  called  jejunum,  on  account  of  its  being  usually  empty 
after  death,  the  lower  three-fifths  being  termed  ileum, 
from  its  convoluted  arrangement  They  occupy  the  um- 
bilical, hypogastric,  right  and  left  iliac  regions  of  the 
abdomen,  in  which  they  are  arranged  in  a  series  of  coils 
or  convolutions  ;  one  or  two  coils  of  the  ileum  sometimes 
lie  in  the  cavity  of  the  pelvis,  between  the  bladder  and 
rectum.  The  coils  are  attached  to  the  posterior  wall  of 
the  abdomen,  along  a  line  from  the  body  of  the  first 
lumbar  vertebra  to  the  right  sacro-iliac  joint,  by  the  fold 
of  peritoneum  called  the  mesentery.  Owing  to  the  extent 
of  the  mesentery,  the  coils  of  the  jejunum  and  ileum  cim 
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be  f reelj  moved  about  in  the  abdominal  cavity,  so  that  they 
are  apt  to  be  dbplaced  from  their  natural  position,  and, 
when  a  rupture  occurs,  to  become  the  most  usual  content;^ 
of  the  heraial  sac.     The  lower  end  of  the  ileum  passes 
into  the  right  iliac  fossa,  where  it  becomes  continuous  with 
the  large  intestine,  at  tlie  junction   of  the   coscum  and 
ascending  colon.     Though  the  line  of  demarcation  between 
jejunum  and  ileum  is  an  arbitrary  one,  yet  the  upper  end 
of  the  jejunum  may  be  distinguished  from  the  lower  end 
of  the  ileum  by  being  wider,  and  having  a  thicker  mucoa* 
membrane,  in  which  the  folds  called  valvulce  connivenlrt 
are  larger  and  more  numerous. 

There  is  occasionally  found  projecting  from  tbe  lower 
third  of  the  ileum  a  short  prolongation  of  that  tube,  which 
forms  an  elongated  hollow  process,  terminating  at  its  free 
end  in  a  ctd-d^'Sac,      It  is  named  divfrtxcultim.  t/r».     It 
may  vary  in  length  from  half-an-inch  to  sic   or   seveo 
inches,  and  usually  projects  from  the  convex  aspect  of  the 
circumference  of  the  bowel     On  rare  occasions  it  has  beta 
seen  to  be  attached  to  the  wall  of  the  abdomen  in  th; 
region  of  the  navel  by  a  slender  band  of   fibrous  tissue. 
The  diverticulum  is  of  interest  as    representing    a   \k: 
sistent  condition  of  the  omphalo-mesenteric  or    vitell- 
intestinal  duct,  which  in  the  embryo  connects  the  nmbdiv-u. 
vesicle  with  the  primitive  intestine. 

Structure  of  the  Small  iHiestine. 

\The  wall  of  the  small  intestine  consists  in  tbe  gTc&: 
part  of  its  extent,  of  four  coats,  named  from  ^wiiiioiit  : 
wards,  serous^  muscular,  submucous,  and  mucous 


SMALL  INTESTINE.  701 

The  serous,  or  external  coat^  deiiyed  from  the  peri- 
toneum, forms  a  complete  iavestment  for  the  jejunum  and 
ileum,  and  is  continuous  with  the  mesentery  along  a  line 
of  attachment,  named  the  mesenteric  border  of  the  in* 
testine.  The  ascending  part  of  the  duodenum  also  has  a 
complete  serous  coat,  but  the  serous  covering  of  the  de- 
scending and  transverse  portions  is  limited  to  their  an- 
terior surface.  The  serous  coat  of  the  small  intestine  is 
loosely  united  to  the  subjacent  muscular  coat  by  areolar 
tissue,  which  is  sometimes  called  the  subserous  coat. 

The  muscular  coat  consists  of  non-striped  fibres  arranged 
in  two  layers  from  without  inwards.  The  outer  layer 
consists  of  longitudinal  fasciculi,  which  form  a  thin  layer 
parallel  to  the  long  axis  of  the  intestine.  The  inner  layer 
consists  of  circular  fasciculi  arranged  around  the  gut 
transverse  to  its  long  axis  :  this  layer  is  thicker,  stronger, 
and  more  highly  coloured  than  the  longitudinal  layer. 
By  the  contraction  of  the  muscular  coat,  the  peristaltic  or 
vermicular  movement  is  produced,  which  propels  the 
ingested  materials  along  the  intestine. 

The  subm'iicous  coat  lies  immediately  subjacent  to  the 
circular  layer  of  the  muscular  coat,  and  forms  the  bond  of 
union  between  that  coat  and  the  mucous  membrane.  It 
consists  of  areolar  connective  tissue,  and  in  it  the  blood- 
vessels ramify  before  they  pass  into  the  mucous  mem- 
brane. 

The  mucous,  or  internal  coat,  is  a  soft,  velvety-looking 
membrane,  which  lines  the  wall  of  the  small  intestine,  and 
possesses  a  complex  appearance  and  structure.  The  inner 
surface  is  not  smooth,  but  is  thrown  into  strongly-marked 
f old%   the  valvuke  conniventes,  which  are  not  obliterated 
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during  distension  of  the  gut.  The  folds  are  placed  trans- 
versely to  the  long  axis  of  the  bowel,  and  run  around  its 
inner  wall  for  one-third  or  one-half,  or  two-thirds  of  its  cir- 
cumference (fig.  185).  They  project  into  the  lumen  of  the 
intestine,  and  the  largest  are  about  one-t^iird  of  an  inch  in 
depth.  They  are  first  seen  about  the  commencement  of 
the  descending  part  of  the  duodenum,  are  very  nnmeroos 
in  the  transverse  part  of  the  duodenum  and  upper  half  of 
jejunum,  then  decrease  in  size  and  numbeis,  until  at  the 
lower  end  of  the  ileum  they  have  disappeared.  Each 
valvuta  consists  of  a  fold  of  the  mucous'  membrane  with 
its  submucous  coat  Owing  to  their  presence,  the  extent 
of  the  mucous  surface  is  much  greater  than  if  it  were  a 
plane-surfaced  membrane. 

In  its  more  minute  structure  the  mucous  coat  may  be 
regarded  as  composed  of  projecting  bodies,  a  glandular 
layer,  and  a  muscular  layer. 

The  projecting  bodies  are  the  intestinal  VUliy  which  jot 
out  into  the  lumen  of  the  intestine  from  the  free  anrface 
of  the  mucous  membrane,  not  only  of  the  valvule,  bat  of 
the  intermediate  surface.  They  are  delicate  minute  pro- 
cesses, varying  in  length  from  a  fourth  to  half  a  line,  and 
in  number  amount  to  several  millions. 

They  are  best  examined  when  the  mucous  surface  is 
placed  in  water  or  spirit,  when  they  may  be  seen  with  the 
naked  eye,  or  still  better,  with  a  pocket  lens;  when  the 
chyle-vessels  or  blood-vessels  are  injected,  they  become 
erected,  and  stand  out  more  prominently  from  the  sarfaoe. 
They  vary  in  form,  being  filiform,  or  cylindrical,  or 
conical,  or  club-shaped,  or  leaf-ehaped.  They  are  more 
numerous  in  the  duodenum  and  jejunum  than  in   the 
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ileum,  and  to  their  presence  ia  due  the  valvety  appeanace 
of  the  mucoos  surface.  Tbey  are  nut  found  elsewhere 
than  in  the  smell  intestine. 

As  the;  are  the  parts  of  the  mucous  membrane  directly 
concerned  in  the  abeorption 
of  the  chyle,  their  structure 
is  interesting  and  important. 
Each  villus  is  ioreated  by  a 
cap  of  epithelium  continuous 
with  the  general  epithelial 
covering  of  the  inucous  mem- 
braua  The  epitheliiun  con- 
sistB  of  a  single  layer  of 
colunuiar  etlU,  compactly  ai^ 
ranged  side  by  side.  The 
deep  attached  end  of  the  cell 
is  frequently  attenuated  into  a 
slender  filament  The  broad 
free  end,  as  was  first  figured 
by  Ooodsir,  possesses  a  border 
distinct  from  thegeneral  body  ~~  :„.h 

of  the    cea       Kollifaer    and 

_      ,  .,.,.,         ^o-  lM^Vortlc»l  p^itloo  Ihtaugh 

Funke  recoimised  in  this  bor-    ttm  mnniiK  mBmsnuie  of  ths 

o  Sin*]]  Inwtino,  iho-lin  t)ie  rtlU 

der  vertical  etrife,  which  they    ■"*  gi»nd>  of  usberiiBhn.  i, 
retarded  as  minute  canals,  for    ""i«i  taaion  [iiroo«h  ■  lUioi. 

»  '  ^  ilipwlng   tlie  liLlo»l  i    1,    ti]i>od 

the  transmissios  of  the  par-  Iir(|]«nd.'S' Li'iSrkHhn'c'cI^ 
tides  of  the  chyle,  but  which  Sll!;3,";^S^^".'i'„;j^ 
ore  probably  nothing  more  "  ' 
than  a  peculiar  vertical  arrangement  of  the  cell-proto- 
plasm at  the  border  of  the  cell  (fig.  31,  C).  Occupy- 
ing the  intervals  between  the  attenuated  ends  of  the 
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attached  cells  are  minute  mpptementary  cells,  sometimes 
globular  in  shape,  at  others  elongated  and  somewhat  cau- 
date. Scattered  amidst  the  columnar  cells  are  cells  which 
possess  the  form  of  microscopic  goblets,  and  are  named 
goblet  cells.  The  free  end  of  each  goblet  cell  appears  to 
have  an  open  mouth  on  the  surface  of  the  villus,  through 
which  a  mucous-like  substance  exudes.  Various  opinions 
have  been  expressed  as  to  the  nature  of  these  goblet  cells. 
Some  regard  them  as  special  structures  engaged  either  in 
the  absorption  of  chyle,  or  the  secretion  of  mucus :  others 
look  upon  them  as  merely  modifications  of  the  columnar 
epithelium :  whilst  others  again  consider  them  to  be  poM- 
mortem  productions,  due  to  the  swelling  out  of  the 
columnar  epithelium  by  the  imbibition  of  fluid.  There 
can  be  no  doubt,  however,  that  they  are  not  specially 
concerned  in  the  absorption  of  chyle,  as  cells  of  the  same 
character  are  found  in  the  respiratory  mucous  membrane, 
and  on  other  surfaces,  where  the  absorption  of  chyle  does 
not  take  place. 

The  sub-epithelial  tissue  of  a  villus  forms  its  matrix  or 
basis  substance,  and  consists  of  the  sub-epithelial  connectiTe 
tissue  of  the  mucous  membrane.  When  thin  sections  thromrii 
a  villus  are  examined,  the  matrix  is  seen  to  be  composed 
not  of  areolar  tissue,  but  of  a  delicate  retiform  tissue,  whicl; 
forms  a  network,  between  the  periphery  of  the  matrix  and 
the  wall  of  the  chyle  vessel,  and  in  the  meshes  of  this 
network  numbers  of  colourless  lymphoid  corpuscles  art 
imbedded.  These  cells  were  described  and  figured  by 
Qoodsir,  as  the  absorbing  cells  or  vesicles  of  the  villo^ 
Immediately  beneath  the  epithelium,  the  matrix  appears, 
from  Krause's  observations,  as  if  its  corpuscles  were  Hux 
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teued  into  irregular  scales.  H.  Watoey  states  that  a  deli- 
cate reticulum  coDtiuuons  witli  the  most  superficial  layer 
of  corpuscles  of  the  connective  tissue  is  prolonged  betneen 
the  epithelium  celts.  In  the  axis  of  the  villus  one, 
or  perhaps  two,  minute  lacteals  or  chyle  vessels  are 
situated,  which  serve  as  rootlets  of  origin  of  the  lacteal 
division  of  the  lymph  vascular  system.  The  lacteal 
is  a  capillary  tube,  which  ends  near  the  apex  of  the 
villus,  as  a  dilated  microscopic  ad-de-tae.  By  its 
opposite  extremity  it  becomes  continuous  with  -a  plexus  of 
lacteats  in  the  submucous  coat     When  treated  with  nitntt« 


of  sUver,  its  wall  is  seen  to  consist  of  flattened  endothelial 
cells,  which  are  connected  with  the  retiform  tissue  of  the 
matrix  substance.  In  the  matrix  snbetance,  around  the 
lacteal  vessel  of  the  villus,  is  a  layer  of  non-striped  mus- 
cular fibro-cells,  which  is  continuous  with  the  general 
muscular  layer  of  the  mucous  coat,  and  extends  as  far  as 
the  apex  of  the  villus.  By  the  contractioo  of  this  layer 
the  chyle  during  absorption  is  propelled  along  the  lacteal 
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vessel,  and  a  wrinkled  or  {mekered  condition  of  the  yiOllJis, 
BometiffleB  seen  after  death,  is  occasioned.  The  villus  alao 
contains  blood-vessels ;  a  small  artery  enters  at  its  attached 
base,  and  terminates  in  a  capillary  plexos,  sitnated  in  the 
peripheral  part  of  the  matrix,  close  to  the  cap  of  epi- 
thelium ;  from  the  plexus  a  vein  arises,  which  leaves  the 
villus  at  its  base,  and  joins  the  veins  in  the  snb-maooos 
coat. 

Various  theories  have  been  put  forward  to  account  for 
the  mode  of  passage  of  the  chyle,  during  digesticm,  from 
the  lumen  of  the  intestine  ioto  the  lacteal  vessels  of  the 
villi ;  but  the  question  cannot  even  yet  be  r^^arded  &< 
definitely  settled.  The  appearance  of  a  network  of  minute 
tubules  within  the  matrix,  extending  from  the  epithelial 
investment  to  the  lacteal,  which  Letzerich  supposed  to  be 
the  channels  along  which  the  chyle  flowed,  is  doubtless 
produced  by  the  arrangement  of  the  strands  of  the  retifona 
tissue.  There  seems  little  doubt,  that  both  the  cells  of  the 
epithelial  investment,  and  those  of  the  retif orm  tissue  »i 
the  matrix,  become  distended  with  the  particles  of  chjie 
previous  to  its  passage  into  the  lacteal  The  view  advancoi 
by  Schafer,  that  the  corpuscles  in  the  meshes  of  the  reti- 
form  tissue  may  serve  as  carriers  of  the  fatty  partides 
of  the  chyle  into  the  lacteals,  is  but  another  mode  of 
expressing  the  function  of  these  cells  advocated  thiitj 
years  ago  by  Gkx)dsir. 

The  mucous  membrane  of  the  small  intestine  is  *boD- 
dantly  provided  with  secreting  glands,  named  the  glsnd^ 
of  Brunner  and  of  Lieberkiihn. 

Brunner^s  glands  are  confined  to  the  duodenum ;  the} 
belong  to  the  compound  racemose  groap  of  glands,  Bud 
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tMemble  geaerally  in  structure  the  mucooa  and  salivary 
glands.  The  miniite  ktbolas  of  these  glsnds  lie  in  the 
submucous  coat,  and  the  ezoetoi;  duct  pierces  the  mucous 
membrane  to  open  on  the  surface.  The  wall  of  the  duct  is 
formed  of  conaectiTe  tissue 
lined  by  columnar  epithe- 
lium. The  finest  branches 
of  the  duct  are  continuoua 
with  the  acini  or  gland 
.vesicles,  and  W.  Kranse 
states  that  their  membrana 
propria  consists  of  a  layer 
of  polygonal  flattened  cells. 
The  gland  vesicles  contain 
the  secreting  cells,  which 
are  columnar  in  form  :  and 
Schwalbe  has  described  in- 
ter-cellular passages,  between 
these  cells  which  communi- 
cate, as  in  thesalivary  glands, 
with  the  excretory  duct  A 
plexus  of  capillary  blood- 
vessels is  distributed  outside 
the  membrana  propria  of  kHnn:''Jr'^i^  ni^'n'i^'^'K^^i 
the  gland  vesicles,  and  lym-       tarrdoni  sii.nbniD«nunMt:  ii. 

,     ^ .  1       . .  muciUkr  coAl ;    v,  i   muU  utery^ 

phatic    vessels   lie    aronnd       i  w. 

the  loboles.  Into  the  duodenum,  about  the  junction 
of  its  descending  and  horizontal  portions,  the  duct  of  the 
pancreas,  and  the  bile  duct  from  the  liver,  open  by  a  com- 
mon orifica  These  glands  may  be  regarded  therefore  as 
aocessoiy  glands  to  this  portion  of  the  small  intestine 
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The  fflaruU  of  Lieherkakn  are  distributed  throaghout 
the  whole  length  of  the  mucous  coat  of  the  small  intes^ 
tine.  They  are  simple  tubular  glamJa,  in  form  like  le«l 
tubes,  which  lie  vertically  in  the  mucona  membrane,  aod 
form  its  proper  glandnUt  layer 
(figs.  189, 191.)  ThetubeasR 
microecopic  in  size,  vary  in 
length  from  y',th  to  ^th  of  i 
line,  are  sometimes  closely  t*'- 
together,  but  io  the  locdidn 
where  the  solitary  and  FeyeN 
glands  occur,  they  are  luun 
widely  separated.  The  gWl- 
open  on  the  surface  of  tk 
mucous  membrane  between  tii' 
villi ;  and  the  opposite  end  <- 
the  tubes  is  closed  and  roondit^ 
and  reaches  cloee  to  the  n"-- 
cular  layer  of  the  mucous  coat  They  are  lined  by  a  l*.vc-' 
of  columnar  epitheliam  cells,  continuous  with  the  epitli«- 
inveetment  of  the  villi ;  auppjementary  and  goblet  fh 
similar  to  those  described  on  the  villi,  are  situated  )• 
tween  the  columnar  cells.  The  glands  are  separated  Iri 
each  other  by  retifonn  connective  tisane,  in  the  mesbe^ 
which  colourlesn  lymphoid  corpuscles  exist  io  considen'' 
numbers  ;  the  plexus  of  capillary  blood-vessels,  wbicb  ■- 
distributed  outside  the  membraua  propria  of  the  gU^ 
tube,  lies  in  this  connective  tissue. 

The  connective  tissue  of  the  mucous  coat  is  character.'-'^ 
generally  by  its  letiform  character,  and  by  the  diffiuiou ' 
colourless  lymphoid  corpuscles  in  the  meahwork.    ^ 
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in  some  parts  of  the  mncosa  these  corpuscles,  with  their 
supporting  framework  of  retiform  tissue,  are  collected  into 
distinct  masses  or  follicles,  visible  to  'the  naked  eye,  and 
known  in  descriptive  anatomy  as  the  solitary  and  Peyer's 
glands  or  follicles. 

The  solitary  glands  are  scattered  throughout  the  whole 
length  of  the  intestinal  mucous  membrane.  They  are 
about  the  size  of  millet  seeds,  and  vary  in  number  and 
distinctness  in  different  individuals.  They  are  globular 
or  ovoid  in  form,  and  occasion  a  slight  elevation  of  the 
mucous  membrane.  One  pole  of  the  gland,  sometimes 
named  the  cupola,  lies  next  the  free  surface  of  the  mucous 
membrane,  and  is  in  relation  to  the  columnar  epithelium 
covering  the  mucosa,  whilst  the  opposite  pole,  or  base, 
rests  on  the  submucous  coat. 

Peyer's  glands^  or  the  agminated  glandSy  consist  of  an 
aggregation  of    solitary  glands  or  follicles,    which    are 
crowded  together,  so  as  to  form  distinct  elongated  patches, 
which  may  vary  in  length  from  one  quarter  inch  to  three 
or  four  inches.     The  long  axis  of  each  patch  corresponds 
to  the  long  axis   of  the  intestine,  and  the  patches  are 
placed  opposite  to  the  mesenteric  attachment  of  the  bowel. 
Villi  either  may,  or  may  not,  be  situated  on  the  surface  of 
the  patch,  in  the  intervals  between  the  individual  follicles, 
but  Lieberkiihnian  glands  are  always  found  opening  on  the 
surface,  and  frequently  forming  a  ring  of  orifices  around 
each  follicle.     Peyer's  patches  are  most  abundant  in  the 
lower  end  of  the  ileum,  but  diminish  in  size  and  numbers 
in  its  upper  end  and  in  the  jejunum,  and  are  absent  in 
the  duodenum. 

These  follicles  are  lymphoid  organs,  and  are  composed  of 
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Jjmphaid  tissue,  as  lias  been  described  on  p.  618,  wtieie 
an  account  of  the  anangement  of  their  blood-veaaels  and 
lymph-vessels  has  also  been  given.  The  solitary  and 
Peyer's  glands,  as  is  the  cose  geueially  frith  the  lymphoid 
organs,  are  more  distinct  and  perfect  in  stractaie  in 
infancy  and  childhood,  than  in  adults  ot  in  advanced  agft 
Peyer's  glands  are  the  seata  of  tubercular  fonnation  is 
tubercolar  disease  of  the  intestine ;  and  they  become 
awollea  and  ulcerated  in  the  typhoid  form  of  contiDned 
fever.  The  changes  which  take  place  iu  these  glands  is 
the  course  of  typhoid  ulceration  is  due,  as  waa  pointed 
out  by  Ooodsii,  to  the  great  development  of  cells  within 
the  coustjtueut  follicles  of  a  patch,  which  in  conseqnente 
burst  and  give  rise  to  an  ulcerated  surface. 


na.  IM.— Vertiial  iKtliB  Ihimiirt 


Per«r,uiilfoni:i.<.sMpUl»TiHiiiiirk;  M.miucnlvuit.    SUfliilT  ohkiUIH 

The  muxular  layer  of  the  mucous  membrane  lie*  nen 
to  the  submucous  coat     It  was  discovered  by  BrQcke.  and 
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consists  of  non-striped  fibres  which  lie  parallel  to  the 
surface  of  the  membrane.  It  pusses  also  into  the  substance 
of  the  villi,  and  lies  around  the  closed  end  of  the  glands 
of  Lieberkiihn;  but,  where  the  solitary  and  Peyer's 
glands  are  situated,  it  is  perforated,  to  allow  the  base  of  the 
follicle  to  reach  the  submucous  coat. 

Of  the  bloodrvesseU  of  the  small  intestine,  the  arteries 
enter  the  wall  of  the  jejunum  and  ileum  at  its  attached  or 
mesenteric  border,  and  are  branches  from  the  arcades  of 
the  superior  mesenteric  artety ;  whilst  the  arteries  for  the 
duodenum  are  the  superior  paucreatico-duodenal  of  the 
gastro-duodeual  branch  of  the  hepatic  artery,  and  the 
inferior  paucreatico-duodenal  branch  of  the  superior 
mesenteric.  They  run  in  the  sub-serous  tissue  around  the 
wall  of  the  intestine ;  then  pierce  the  muscular  coat  and 
supply  it;  they  then  enter  the  sub-mucous  coat,  and  form  a 
network  from  which  branches  pass  into  the  mucous  coat 
The  veins  accompany  the  arteries,  and  form  rootlets  of  the 
superior  mesenteric  vein. 

The  Lymphrvesselgf  ur  lacteals,  may  be  traced  into  the 
wall  of  the  intestine  at  the  mesenteric  border;  they  form 
a  network  in  the  muscular  coat,  and  then  enter  the  sub- 
mucous coat,  where  they  are  very  abundant ;  from  this 
sub-mucous  layer  offshoots  pass  through  the  retiform  tissue, 
which  lies  between  the  Lieberkuhnian  glands,  into  the 
villi.  Where  the  solitary  and  Peyer's  glands  are  situated 
the  lacteals,  as  Frey  has  pointed  out,  form  a  system  of 
anastomosing  vessek  around  the  base  and  mesial  part  of 
each  follicle. 

The  nerves  are  derived  from  the  plexuses  of  the  sympa- 
thetic, which  accompany  the  branches  of  the  superior 
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mesenteric  artery.  They  form  between  the  two  layers  of  the 
muscular  coat  an  important  plexus,  named  after  its  dis- 
coverer, Auerbach's  plexus,  in  which  large  stellate  nerve- 
cells  are  intermingled  with  nerve  fibres,  and  a  similar 
ner\'ous  plexus  is  found  in  the  muscular  coat  of  the  other 
divisions  of  the  alimentary  canal.  It  supplies  and  regu- 
lates the  movements  of  the  muscular  coat.  In  the  sub- 
mucous coat  is  found  a  nervous  plexus,  named  Meissner'i^ 
plexus,  after  its  discoverer,  in  the  strands  of  which  nerve- 
cells  are  collected  into  gangliforra  masses,  and  a  similar 
plexus  is  found  in  the  submucous  coat  of  the  other 
divisions  of  the  alimentary  canal.  Auerbach's  plexus  is 
connected  witli  ^Nfeissner's  plexus  by  intercommunicating 
fibres  ;  and  fibres  pass  from  Meissner's  plexus  to  the  miis- 
cularis  mucosii?,  to  the  glandular  layer  of  the  mucous  coat, 
and  to  the  attached  base  of  the  villi. 

The  LAPvGE  IXTESTIXE,  though  not  nearly  so  long 
as  the  small  intestine,  is  of  much  greater  diameter.  It 
reaches  from  the  end  of  the  ileum  to  the  orifice  of  the  anus. 
and  is  divided  into  the  c<ecum  with  the  appendix  vermi- 
forniis,  the  colon,  and  the  rectum ;  whilst  the  colon  is  sut*- 
divided  into  the  ascending  colon,  the  hepatic  flexure,  tlit- 
transverse  colon,  the  splenic  flexure,  the  descending  cob>u, 
and  tlie  sigmoid  flexure. 

The  CaxTMis  the  commencement  of  the  large  intestine, 
and  lies  below  the  ileum.  It  occupies  the  right  iliac  fossa, 
and  is  attached  by  areolar  tissue  to  the  fascia  coverinrr  th? 
iliacus  muscle.  Sometimes  it  is  displaced  from  this 
position  and  hangs  down  into  the  true  pelvis ;  more  rarelv 
it  is  elevated  into  the  right  lumbar  region.     It  is  the  most 
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dilated  part  of  the  large  intestiiie,  and  forms  a  large  cul-de- 
tacy  dosed  in  below,  bat  communicating  freely  above  with 
the  ascending  colon.  Opening  on  the  inner  and  posterior 
wall  of  the  ccecom  is  the  Appendix  venniformis^  which  is 
a  slender  hollow  prolongation  of  the  bowel,  varying  in 
length  from  three  to  six  inches.  It  has  the  calibre  of  the 
stem  of  a  common  tobacco  pipe,  and  ends  in  a  free  closed 
extremity,  so  that,  like  the  coecum,  it  is  a  eul-de-wc  It 
possesses  a  peritoneal  fold  or  small  mesentery,  by  which  it 
is  sometimes  tied  to  the  adjacent  wall  of  the  abdomen, 
though  at  other  times  it  may  be  freely  movable.  It  is 
not  generally  found  in  mammals,  bat  is  present  in  man, 
the  orang,  certain  lemurs,  and  the  marsupial  wombat 

The  AsoEKDiNo  or  Right  Colon  is  continuous  below 
with  the  coecum  and  above  with  the  hepatic  flexure.  It 
occupies  the  right  lumbar  region,  and  is  attached  by  areolar 
tissue  to  the  fascia  covering  the  quadratus  lumborum 
muscle  and  to  the  front  of  the  right  kidney. 

The  HxPATio  Flbxuse  of  the  Colon  is  a  bend  in  the 
large  intestine,  forming  almost  a  right  angle,  continuous 
on  the  one  hand  with  the  ascending  colon,  and  on  the 
other  with  the  transverse  colon*  It  lies  in  the  right 
hypochondriac  region  in  contact  with  the  under  surface  of 
the  liver. 

The  Teaksvesse  Colon  connects  the  hepatic  and  splenic 
flexures,  and  curves  across  the  abdomen  from  the  right 
bypochondrium,  through  the  umbilical  region  to  the  left 
bjrpochondrium.  It  forms  the  arch  of  the  colon,  the 
convexity  of  which  is  directed  downwards  and  forwards, 
and  the  concavity  upwards  and  backwards.  It  lies  imme- 
diately below  the  great  curvature  of  the  stomach,  and  is 

2z 
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connected  witli  tLe  posterior  layer  of  the  great  omentum. 
Owing  til  the  length  of  the  transverse  mcso-colon,  which 
furms  its  peritotieal  nttaohiuent,  it  not  uafrequently  uiiiler- 
gues  sonic  change  in  its  position,  and  may  hang  dunn- 
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wards  towards  the  pelvis,  or  be  elevated  in  front  of  the 
stomach,  or  thrown  to  the  right  or  left  side.  This  ten- 
dency to  displacement  of  the  transverse  colon  should  be 
kept  in  mind  in  the  diagnosis  of  diseases  of  the  abdominal 
viscera. 

The  Splenic  Flsxube  of  the  Colon  is  continuons  on 
the  one  hand  with  the  transverse  colon,  and  on  the  other 
with  the  descending  colon,  and  is  attached  to  the  diaphragm 
by  the  phrenico-colic  fold  of  peritoneum.  It  lies  in  the 
left  hypochondrium  in  close  relation  to  the  spleen. 

The  Descending  or  Left  Colon  connects  the  splenic 
a*id  sigmoid  flexures,  and  occupies  the  left  lumbar  region. 
It  is  attached  by  areolar  tissue  to  the  left  kidney  near  its 
outer  border,  and  to  the  fascia  covering  the  left  quadratus 
lumboruoL  As  low  as  the  level  of  the  3rd  lumber  vertebra 
it  is  in  relation  to  the  outer  border  of  the  quadratus,  but 
from  that  level  to  the  ilium  the  quadratus  muscle  lies  be- 
hind the  descending  colon.  Owing  to  its  position,  and  the 
absence  of  a  peritoneal  covering  posteriorly,  the  surgeon 
opens  into  this  segment  of  the  bowel  when  he  wishes  to 
form  an  artificial  anus. 

The  Sigmoid  Flexure  of  the  Colon  connects  the  de- 
scending colon  with  the  rectum.  It  lies  in  the  left  ib'ac 
fossa,  but  as  the  tigmaid  meto-colar^  which  forms  its  peri- 
toneal attachment,  is  of  some  length,  it  is  freely  movable, 
and  not  unfrequently  hangs  into  the  pelvis,  or  even  extends 
across  into  the  right  iliac  fossa. 

The  Rectuic  is  the  terminal  segment  of  the  large  intes- 
tine, and  extends  from  the  sigmoid  flexure  to  the  orifice  of 
the  anus.  It  occupies  the  cavity  of  the  pelvis.  It  com- 
mences opposite  the  left  sacro-iliac  joint,  and  passes  at  first 


716  ANATOMY. 

obliqndj  downwards  and  to  the  right  until  it  reaches  the 
middle  line  of  the  sacrum ;  secondly,  it  closely  foUows  the 
curvature  of  the  sacrum  and  coccyx,  lying  in  relatioQ  to 
their  anterior  surface;  thirdly,  when  it  reaches  the  tip  of 
the  coccyx  its  terminal  or  third  part  inclines  downwards  and 
backwards  for  about  one  inch  and  a  half  to  the  anal  oiifice. 
The  upper  end,  or  first  part  of  the  rectum,  is  invested  by 
peritoneum,  and  is  attached  to  the  front  of  the  aacnim  ss 
far  down  as  its  2nd  or  3rd  vertebra  by  the  peritoneal  fold, 
termed  meso-rectum.    The  second  part  extends  from  the  2od 
or  3rd  sacral  vertebra  to  the  tip  of  the  coccyx,  ia  attached 
to  the  bone  by  areolar  tissue,  and  is  in  relation  also  to  the 
pelvic  fascia.     The  peritoneum  does  not  form  a  complete 
investment  for  the  second  part  of  the  rectum ;  at  fint  it 
covers  it  anteriorly  and  laterally,  lower  down  only  ante- 
riorly, and  still  lower  it  leaves  it,  to  be  reflected,  in  the  male 
on  the  back  of  the  bladder,  in  the  female  on  the  back 
of  the  vagina.     The  third  part  of  the  rectum  is  in  relatioD 
to  the  pelvic  fascia  and  the  levatores  ani  musdea,  bf 
which  parts  it  is  supported  and  retained  in  positioD.    h 
the  male  the  bladder,  vesiculaa  seminales,  and  prostata 
gland  are  in  front  of  the  rectum ;  but  in  the  female  its 
anterior  surface  is  in  relation  to  the  uterus  and  vagina,  to 
the  latter  of  which  it  is  intimately  connected.     The  aov 
opens  on  the  surface  of  the  middle  line  of  Ike  perineofli. 
midway  between  the  two  ischial  tuberosities^  and  the  skifi 
surrounding  the  orifice  is  thin  and  wrinkled  when  the  open- 
ing is  closed.    Inmiediately  beneath  the  skin  is  the  tphindr 
iini  extemua  muscle^  which  forms  a  thin  layer  of  fudcali. 
arranged  in  a  series  of  ellipses  around  the  orifice.    It  ^ 
"Attached  behind  to  the  tip  of  the  coccyx,  sunounda  the 
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opening  as  it  passes  forwardB,  and  extends  as  far  as  the 
so-called  central  tendinous  point  of  the  perineum,  where  it 
often  joins  the  acceleratores  urinsB  and  transversi  perinei 
muscles.  The  sphincter  in  its  normal  condition  of  con- 
traction simply  closes  the  opening,  but,  under  the  influence 
of  the  will,  a  more  powerful  contraction  can  be  induced, 
so  as  to  resist  the  entrance  of  foreign  bodies  into  the 
rectum, 

Ab  the  Zevatores  ani  muscles  are  in  such  intimate 
relation  to  the  rectum^  they  may  now  be  described.  They 
form  a  pair  of  symmetrically  arranged  muscles,  which 
descend  from  the  pelvic  wall  to  its  perineal  outlet  Each 
anses  anteriorly  from  the  back  of  the  body  and  of  the 
horizontal  ramus  of  the  os  pubis,  posteriorly  from  the 
ischial  spine,  and  between  these  attachments  from  the 
pelvic  fascia,  where  it  splits  into  its  parietal  and  recto- 
vesical layers.  The  muscle  passes  downwards  and  inwards 
to  the  middle  line  of  the  floor  of  the  pelvis  to  be  inserted 
as  follows :  most  posteriorly  into  the  side  of  the  tip  of 
the  coccyx;  from  the  tip  of  that  bone  to  the  anus  into 
the  median  raph^  of  the  perineum,  where  it  joins  its 
fellow ;  then  into  the  lower  end  of  the  rectum  in  close 
relation  to  the  external  sphincter ;  whilst  the  most  ante- 
rior fibres  descending  by  the  side  of  the  prostate  reach  the 
median  raph6  of  the  perineum  in  front  of  the  anus,  and 
blend,  on  the  perineal  aspect  of  the  prostate,  with  the 
corresponding  muscle  of  the  opposite  side.  Owing  to  the 
relation  of  the  anterior  or  pubic  fibres  of  origin  of  the 
levator  ani  to  the  prostate  gland  in  the  male,  they  are 
sometimes  named  the  levator  protUxUB  muide.  In  the 
female  the  pubic  fibres  of  origin  lie  in  rehtion  to  the  aide 
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of  the  vagina.  The  pair  of  levator  muscles  not  only 
assist  'in  forming  the  pelvic  floor,  but  can  draw  upwards 
the  organs  which  lie  in  relation  to  it. 

On  the  same  plane  as,  and  continuous  with  the  pos- 
terior border  of  each  levator  ani,  is  the  Coecy^eus  iRff«a2r, 
which  arises  from  the  spine  of  the  ischium,  and  desc^ids 
as  a  thin  triangular  muscle,  to  be  inserted  into  the  side 
of  the  lower  end  of  the  sacrum  and  the  side  and  front  <^ 
the  coccyx.  It  acts  as  an  elevator  of  the  coccyx.  The 
two  pairs  of  coccygei  and  levatores  ani  constitute  the  pdtir 
diaphragrri.  They  and  the  external  sphincter  are  snpplied 
by  the  fourth  and  fifth  sacral  and  the  coccygeal  nerves. 

The  large  intestine  is  arranged  in  the  abdominal  cavity 
in  the  form  of  an  arch,  the  summit  of  which  is  the  trans- 
verse colon,  whilst  the  coecum  and  rectum  are  the  right 
and  left  piers.  Within  the  concavity  of  this  arch  the  coils 
of  the  jejunum  and  ileum  are  situated.  The  large  intes- 
tine is  not,  except  in  the  rectum,  a  cylindriform  tube,  bat 
is  dilated  into  three  parallel  and  longitudinal  rows  of 
sacculi,  which  rows  are  divided  from  each  other  by  loogi' 
tudinal  muscular  bands,  whilst  the  sacculi  in  each  it>w 
are  separated  externally  by  intermediate  constrictiona.  In 
the  rectum  the  sacculi  have  disappeared,  and  the  intestine 
assumes  a  cylindrical  form,  but  at  its  lower  end  it  dilates 
into  a  reservoir,  in  which  the  faeces  accumulate  prior  to 
being  excreted. 

At  the  junction  of  the  large  with  the  small  intestine  s 
valvular  arrangement,  termed  the  iUo-^oecal  or  ileo<ciie 
valve,  is  found.  This  valve  is  due  to  the  peculiar  mannef 
in  which  the  ileum  joins  the  caecum  and  colon.  If  these 
portions  of  the  large  intestine  be  opened  into,  it  will  be 
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se«n  that  the  orifice  of  the  Uaum  is  not  circnlar,  but 
elongated  in  a  direction  nearly  tranBTetae  to  the  long 
axis  of  the  large  intestine. 

The  opening  ia  bounded  by  two  aemi-lunar  folda,  which 
project  into  the  large  bowel.  These  folda  are  the  two 
segmenta  of  the  valve ; 
one  situated  above  the 
opening  ie  the  iUtycolie 
legmetU,  the  other,  below 
the  opening,  the  Ueo- 
eaeal.  The  two  seg- 
menta  become  continu- 
ous with  each  other  at 
the  ends  of  the  elongated 
o[)eDing,  and  are  pro- 
longed for  some  diBtance 

around  tbe  inner  wall  of 

the  large  intestine  as  two 

prominent  ridges,  named 

the  fnttM  of  the  valve. 

Each    segment  coDsists 

of  the  mucous  and  sub- 
mucous coat,  and  of  the 

circular  layer  of  the  mua- 

cular  coat  of  the  ileum, 

which  are,  as   it  were, 

pushed    into  the  canal 

of  the  large  bowel,  at 

the  place  of  junction,  so  as  t«  form  the  prominent  folds 

which  have  been  deacribed.    The  longitudinal  muKular 

layer  and  Uie  serous  coat  of  the  ileum  are  prolonged 


x\^- 
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directly  from  the  ileum  to  the  wall  of  the  large  intestine, 
and  do  not  enter  into  the  segments  of  the  valve.  The 
use  of  the  ileo-coecal  valve  is  to  impede  or  prevent  the 
reflux  of  the  contents  of  the  large  into  the  small  intes- 
tine. When  the  coecum  and  colon  are  distended  the  frasna 
of  the  valve  are  put  on  the  stretch,  and  the  two  segments 
are  approximated,  so  that  the  opening  is  reduced  to  a  mere 
8b%  or  even  closed,  if  there  is  great  distension  of  the  bowel 
The  circular  muscular  fibres  in  the  segments  will  doubt- 
less also  exercise  a  sphincter  action  on  the  orifice. 

Strvdnre  of  the  Large  Intestine. 

The  wall  of  the  large  intestine  consists  in  the  grealer 
part  of  its  extent  of  four  coats,  named  from  without 
inwards,  serous,  muscular,  submucous,  and  mucous  ooata. 

The  serous  or  external  coat  derived  from  the  peritoneum, 
forms  a  complete  investment  for  the  flexures  of  the  ooloo, 
the  transverse  colon,  and  the  first  part  uf  the  rectum.  The 
coecum  has  sometimes  a  complete  serous  coat^  but  more 
usually,  it,  together  with  the  ascending  and  desoending 
colon,  have  the  serous  coat  only  anteriorly  and  laterall}. 
The  second  part  of  the  rectum  has  only  a  partial  sexoos 
investment,  and  the  third  part  has  no  serous  ooat.  Nume- 
rous pedunculated  processes  invested  by  the  serous  mem- 
brane, and  containing  lobules  of  fat,  named  e^apemdien 
epiploiecB,  are  attached  to  the  large  intestine.  The  aeroiu 
coat  is  loosely  united  to  the  subjacent  muscular  eoat  by 
areolar  tissue,  which  is  sometimes  called  the  inftgcroitj 
coat. 

The  miuscvlar  coat  consists  of  non-striped  fibres  anaaged 
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in  two  layers  from  withoot  inwards.  The  outer  layer  con- 
sists of  longitudinal  fasciculi,  which  are  not  as  a  rule  dis- 
tributed uniformly  in  the  wall,  but  in  the  caecum  and 
colon  are  collected  into  three  longitudinal  bands,  which 
start  from  the  coecum,  where  it  is  joined  by  the  appendix 
▼ermifomus,  and  extend  along  the  colon  to  the  rectum. 
One  band  extends  along  the  meso-colic  or  attached 
aspect  of  the  bowel,  another  along  the  anterior  aspect, 
whilst  the  third  is  situated  on  the  inner  aspect  of  the 
ascending  and  descending  colon,  and  the  under  aspect  of 
the  transverse  colon.  As  these  bands  are  not  so  long  as 
the  colon  itself,  they  occasion  the  puckering  or  constric- 
tions in  the  wall  which  separate  the  sacculi,  so  that  when 
the  bands  are  cut  through  the  sacculi  disappear.  The 
colon  then  becomes  more  elongated  and  cylindriform. 

In  the  appendix  vermiformis  the  longitudinal  layer  is 
not  collected  into  bands,  but  arranged  uniformly  along  the 
wall.  In  the  rectum,  also,  the  longitudinal  layer  is  spread 
uniformly  along  the  wall,  and  forms  a  well-defined  red- 
coloured  layer.  Slender  fasciculi  have  been  described  as 
passing  from  this  layer  to  the  adjacent  pelvic  fascia,  and 
to  the  subcutaneous  tissue  about  the  anus,  and  Luschka 
has  traced  some  bundles  into  the  anterior  sacro-coccygeal 
ligament 

The  inner  layer  of  the  muscular  coat  consists  of  circular 
fasciculi  distributed  around  the  wall  of  the  large  intestine. 
In  the  rectum  this  layer  increases  in  thickness,  and  in 
proximity  to  the  anus  forms  a  circular  muscle,  the 
iphineUr  ani  inUmuif  which  is  a  strong  band,  about  half 
an  inch  broad,  around  the  lower  end  of  the  rectum.  In 
the  huge,  as  in  the  small  intestine,  the  muscular  coat 
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occasions  the  peristaltic  movements^  and  its  inaeased 
thickness  in  the  rectnm  is  for  the  purpose  of  expelling  the 
feeces. 

The  sttbmtKous  coat  has  similar  relations  and  stractnre 
to  the  corresponding  coat  in  the  small  intestine. 

The  mucotiSf  or  interned  coat,  is  not  thrown  into  valvulae 
conniventes,  but  presents  a  series  of  well-marked   per- 
manent ridges,  lying  transversely  or  somewhat  obliquely 
to  the  long  axis  of  the  gut,  and  corresponding  internally 
to  the  constrictions,  which,  on  the  outer  surface  of  the 
colon,  separate  the  sacculi  from  each  other  (fig.  195).    These 
ridges  are  also  found  in  the  rectum,  though  in  diminished 
numbers.     Of  the  rectal  folds,  three  have  been  especially 
described  by  Houston — one,  the  lowest,  is  about  11  inch 
from  the  anus ;  another,  the  highest,  is  near  the  sacral 
promontory,  whilst  the  third  is  somewhere  intermediate. 
The  transverse  folds  are  formed  not  only  of  the  macons 
and  submucous  coats,  but  of  the   circular  layer  of  the 
muscular  coat     Near  the  anal  orifice  the  mucous  coat  is 
folded  longitudinally,    and   forms   the  txdumncB  rrdi  of 
Morgagni.     The  mucous  membrane  of  the  large  inteetis* 
is  covered  by  a  layer  of  columnar  epithelium.     It  is  devoii 
of  villi,  and  consists  of  a  glandular  and  a  muscular  layer. 
The  secreting  glands  of   the  glandular  layer    have    ths 
form  and  structure  of  the  Lieberkiihnian  glands  of  the 
small  intestine  (fig.  189, 191);  they  open  on  the  free  surface 
of  the  mucous  coat,  and,  owing  to  the  absence  of  villi,  their 
mouths  are  more  closely  set  together  than  is  the  case  with 
the  corresponding  glands  in  the  small  intestine ;  the  tnbfo- 
lar  glands  are  separated  by  a  retiform  tissue  containing 
lymphoid  corpuscles.      Solitary  glands,  similar  to   tJicisc 
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in  the  small  intestine,  are  also  present ;  but  no  Payer's 
patches.  The  muscularis  macoste  resembles  generally  that 
of  the  small  intestine. 

Of  the  blood-vessels  of  the  large  intestine,  the  arteries 
are  principally  derived  from  the  colic  branches  of  the 
superior  mesenteric  and  the  several  branches  of  the 
inferior  mesenteric  artery;  bat  the  lower  end  of  the 
rectum  receives  the  middle  haBmorrhoidal  branches  of  the 
internal  iliac,  and  the  inferior  hiemorrhoidal  branches  of 
the  pudic.  The  veins  which  correspond  to  these  arteries 
for  the  most  part  join  the  superior  and  inferior  mesenteric 
veins,  and  are  consequently  rootlets  of  the  portal  vein. 
But  the  veins  which  belong  to  the  middle  and  inferior 
haBmorrhoidal  arteries  form  a  plexus  about  the  anal  orifice, 
which  partly  joins  the  superior  hsemorrhoidal  vein,  and 
through  it  the  portal  vein,  and  is  partly  connected  through 
the  middle  and  inferior  haomorrhoidal  veins  with  the 
internal  iliac  vein,  and  through  it  with  the  inferior  vena 
cava.  The  veins  about  the  anus  are  very  apt  to  become 
varicose,  and  to  form  the  excrescences  termed  hoBraorrhoids 
or  piles.  The  lymph  vessels  are  arranged  as  in  the  small 
intestine,  except  that  they  are  not  prolonged  into  villi 
Nervous  plexuses  with  ganglion  celb  are  found  in  both  the 
muscular  and  submucous  coats.  They  proceed  from  the 
superior  and  inferior  mesenteric  plexuses,  but  the  rectum 
receives  branches  from  the  hypogastric  plexus,  and  ffom 
the  third  and  fourth  sacral  spinal  nerves. 
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Thb  Liysb. 

The  liver  is  the  biggest  of  the  abdominal  yiacera,  and 
the  largest  gland  in  the  body.     It  is  the  organ  in  which 
the  secretion  of  bile  takes  place,  and  is  the  chief  seat  in 
the  body  of  the  formation  of  glycogen,  a  snbstanoe  like 
dextrine,  which  readily  undergoes  conversion  into  sngar. 
It  lies  in  the  costal  zone  of  the  abdomen,  fiUs  up  the  greater 
part  of  the  right  hypochondriom,  and  extends,  throng  the 
epigastrium,  into  the  left  hypochondrium.     In  its  long  or 
transverse  diameter  it  averages- -about  12  inches,  in  its 
antero-posterior  diameter  about  6  inches,  in  the  ▼ertidl 
diameter  of  its  thickest  part  about  3  inches.     BelativelT 
to  the  size  of  the  body  the  liver  is  bigger  and  heavier  in 
the  foetus  than  in  the  adult ;  soon  after  birth  the  selative 
weight  declines,  and  that  of  the  left  lobe  diminiahoB  much 
more  rapidly  than  the  right  lobe.     Fierichs  states  that  the 
relative  weight  of  the  healthy  liver  fluctnates  in  adults 
between  ^th  and  ^h  that  of  the  body,  and  the  absolute 
weight  varies  from  1*8  to  4*6  pounds  aVtiid.      Dwini: 
the  digestion  of  the  food  the  liver  XQcreases  both  in  sxa 
and  weight,  partly  from  the  greater  quantity  oC  blood  flow- 
ing through  it,  and  partly  from  the  new  matmal  in  tht 
secreting  cells ;  whilst  after  a  long  fast  it  becomes  snisll:!* 
and  lighter. 

For  descriptive  purposes  the  liver  may  be  n^aidad  sa 
having  two  surfaces,  two  Ixwders,  and  two  exteendtae^ 
The  tuperior  or  diapkra^moHe  smifaee  is  amodh  and  ck.<.- 
vex,  and  in  dose  contact  with  the  under  snrCaoa  of  tl- 
vault  of  the  right  half  of  the  diaphrsgm,  with  ita 
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tendon,  and  witb  a  portion  of  the  left  half  of  the  muBcle, 
also  with  the  anterior  abdominal  wall  in  the  upper  part  of 
the  epigastriom.  It  is  attached  to  the  diaphragm  and 
epigastric  wall  of  the  abdomen  by  a  fold  of  the  peritoneum, 
called  the /alcif arm  or  tutpeiuarp  ligament^  which  extends 
along  the  upper  surface  from  the  anterior  to  the  posterior 
border  of  the  liver,  and  marks  the  division  into  a  large 
right  and  a  small  left  lobe.  From  the  close  relation  of 
this  surface  of  the  liver  to  the  diaphragm  it  follows  the 
movements  of  that  muscle,  being  depressed  during  inspira- 
tion, elevated  during  expiration.  The  highest  part  of  the 
surface  of  the  liver  lies  at  the  end  of  an  expiration  opposite 
the  4th  right  intercostal  space,  a  little  to  the  inner  side  of 
the  right  nipple,  from  which  spot  it  rapidly  slopes  down- 
wards to  the  right  about  as  low  as  the  11th  right  rib, 
whilst  it  inclines  much  more  gradually  to  the  left  almost 
on  a  line  with  the  junction  of  the  ensiform  cartilage  with 
the  meso^temunL  The  5th,  6th,  7th,  8th,  9th,  and  10th 
ribs,  separated  by  the  diaphragm,  arch  superficially  to  its 
right  lobe,  whibt  the  left  lobe  is  arched  over  by  the  car- 
tilages of  the  6th,  7th,  and  8th  ribs.  The  summit  of  the 
right  lobe  is  in  relation,  the  diaphragm  intervening,  with 
the  base  of  the  right  lung;  that  of  the  left  lobe  with  the 
heart,  pericardium,  and  a  portion  of  the  base  of  the  left 
lung.  The  upper  surface  of  the  liver  is  sometimes  marked 
by  furrows  extending  in  the  antero-posterior  direction, 
which,  when  the  organ  is  m  tUu^  are  occupied  by  folds  of 
the  diaphragm.  These  depressions  have  usually  been 
ascribed  to  tight  lacing,  the  pressure  of  the  stays  being 
aappoead  to  have  forced  the  ribs  and  diaphragm  into  the 
liver.    But  as  I  have  seen  these  furrows  almost  as  fre- 


queiitly  in  men  as  in  women,  I  regard  them,  and  the  coii 
cident  deiiression  of  the  ribs,  as  congenital,  and  not  i 
artificially  ]iruduced. 


llie  piiafmor  or  vt/ieliral  'lonkr of  the  liver  ia  thick,  and 
■ouiiJed  at  its  ri^'ht  ertremily,  but  comparatively  thio  at 
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the  left  It  is  attached  by  areolar  tissue  to  the  diaphragm, 
aod  a  fold  of  peritoneiim  called  the  conmary  ligament^ 
passes  from  it  to  the  nnder  surface  of  that  musde.  The 
coronary  ligament  expands  at  its  extremities  into  the 
right  and  left  lateral  ligamerUs,  and  becomes  continuous 
with  the  posterior  border  of  the  falciform  ligament  opposite 
a  slight  depression  which  marks  the  separation  of  the  right 
from  the  left  lobe  of  the  liver.  The  posterior  border  is 
notched  for  the  lodgment  of  the  inferior  vena  cava. 

The  atUerior  border  of  the  liver  is  unattached,  thin, 
and  attenuated,  and  is  marked  by  a  deep  notch,  opposite 
the  anterior  edge  of  the  falciform  ligament,  which  lodges 
the  round  ligatMnt  of  the  liver.  This  notch  marks  the 
separation  of  the  right  from  the  left  lobe.  To  the  right  of 
this  round  ligament  is  a  shaUow  notch  in  the  anterior 
border,  at  which  the  fundus  of  the  gall  bladder  may  be 
usually  seen  to  project ;  at  this  spot  the  liver  overlaps  the 
ascending  part  of  the  duodenum. 

Of  the  two  extremities  of  the  liver  the  right  is  thick  and 
massive,  and  lies  deep  in  the  right  hypochondrium,  in  con- 
tact with  the  diaphragm ;  the  left  is  thin  and  attenuated, 
and  overlaps  the  oesophageal  opening  and  fundus  of  the 
stomach. 

The  inferior  or  visceral  surface  of  the  liver  is  much  more 
complex  in  form  than  the  upper. 

The  longitudinal  or  umbilical  fissure^  continuous  with  the 
notch  in  the  anterior  border  of  the  liver,  and  much  nearer 
to  the  left  than  the  right  extremity  of  the  gland,  divides  it 
into  a  kige  right  and  a  small  left  lobe.  In  the  anterior 
part  of  the  fissure  the  round  ligament  formed  by  the  ob- 
literation of  the  umbilical  vein  of  the  fcetus  is  lodged; 
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whOst  the  poeterior  part  contains  a  Blender  fibrooi  axi 
formed  by  the  obliteration  of  a  Tsin  of  the  foetus,  nuntd 
dueiv*  VCTKUM.  -  The  longitodiaol  fissure  is  oftea  bndgcd 
acroes  by  a  band  of  liver  substance  called  pow  hfft^ 
The  under  sarface  of  the  left  lobe  is  smooth,  and  ovedafs 
the  anterior  surface  of  the  stomach.     The  under  surfsct  of 


the  right  lobe  is  divided  into  smaller  bbes  by  fiasureM  aoit 
fosBOB.  Starting  from  about  the  middle  of  the  longitadin^ 
fissure  ia  the  porttd  or  traiuiifru  fitittrt,  which  extends  fiv 
from  three  to  four  inches  across  the  under  anrfaee  of  Iht 
right  lobe.  It  is  the  gate  (porte)  of  the  liver,  the  kU^ 
'•-  Gseure  of  entBuce  into  the  organ  of  the  portal  Teiti. 
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hepatic  artery,  hepatic  duct,  hepatic  nenres,  and  lymphatics. 
A  short  distance  to  the  right  of  that  part  of  the  longi- 
tudinal fissure  in  which  the  round  ligament  lies,  is  the 
/osia  for  the  g<dl  bladder^  which  is  a  depression  on  the 
under  surface  of  the  right  lobe  extending  from  the  anterior 
border  to  the  transverse  fissure :  in  it  the  gall  bladder  lies. 
Extending  somewhat  obliquely  from  the  posterior  border 
of  the  liver,  towards  the  transverse  fissure,  is  a  deep /oMa 
for  the  inferior  vena  eava^  which  lodges  this  great  vein 
before  it  pierces  the  diaphragm.  Sometimes  the  vena  cava 
is  bridged  across  by  a  prolongation  of  the  liver  substance. 
Opening  into  the  vena  cava  as  it  lies  in  this  fossa  are  the 
trunks  of  the  laige  hepatic  veins  from  the  substance  of  the 
liver.  A  portion  of  liver  substance,  which  is  bounded  by 
the  gall  bladder,  the  longitudinal  fissure,  the  transverse 
fissure,  and  the  anterior  border,  forms  a  four-sided  lobe 
called  lobui  quadratus.  Another  portion,  bounded  by  the 
transverse  fissure,  the  posterior  border,  the  vena  cava,  and  the 
longitudinal  fissure,  is  the  Icbus  Spigdii.  A  thin  prolonga- 
tion of  liver  substance  continuous  with  the  lobus  Spigelii, 
and  running  obliquely  between  the  fossa  for  the  inferior 
cava  and  the  transverse  fissure,  is  the  Icbuseaudatus.  The 
lobus  caudatus  is  rudimentary  in  the  human  liver,  but,  as 
W.  H.  Flower  has  pointed  out,  attains  a  considerable  mag- 
nitude in  many  mammala.  He  has  named  the  fissure, 
which  sepantes  it  from  the  a4iacent  part  of  the  right  lobe, 
itkBjUiure  cf  the  eaudaU  Me,  To  the  right  of  the  fossae 
for  the  gall  bladder  and  inferior  cava  are  two  shallow 
depressions  on  the  under  surface  of  the  right  lobe;  the 
more  anterior  marks  the  position  of  the  hepatic  flexure  of 
the  oolooy  the  man  posterior,  the  upper  end  of  the  rig^ 

3  ▲ 
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kidney  and  Bupia-renal  capsnle.  As  the  liver  is  a  m£A 
organ,  the  sound  which  is  elicited  by  percossing  the  mil 
of  the  abdomen  superficial  to  it  is  a  dull  sound.  But  as 
the  liver  has  three  resonant  structures  in  relation  to  it, 
viz.,  the  lung  above,  and  .the  hepatic  flexure  of  the  cobn 
and  the  stomach  below,  the  dull  sound  is  necessarily  modi* 
fied  in  the  regions  occupied  by  those  organs.  As  the  heart 
is  in  relation  to  a  portion  of  the  upper  surface  of  the  livery 
the  line  of  demarcation  in  that  locality  between  the  tvo 
organs  is  with  difficulty  discriminated  by  percnssicm. 


Structure  of  the  Liver, 

The  liver  is  a  solid  organ,  of  a  bro?niish-red  colour. 
It  is  composed  of  the  ramifications  of  the  portal  vein, 
of  the  portal  capillaries,  the  hepatic  vein,  the  hepatk 
artery,  the  hepatic  duct,  of  secreting  cells,  nerves,  aoc 
lymphatics.  These  several  structures  are  bound  together 
by  connective  tissue,  and  the  organ  is  invested  by  the 
peritoneum.  The  liver  possesses  two  coats,  a  serous  sLii 
a  fibrous. 

The  serous  or  external  coat  is  a  part  of  the  peritonei. 
membrane,  and  forms  an  almost  complete  investment  f-  * 
the  liver.  Where  the  gall  bladder  and  inferior  cava  lie  ;: 
contact  with  the  under  surface  it  is  prolonged  over  thc<»: 
bodies;  it  is  reflected  from  the  transverse  fissure  es  t> 
gastro-hepatic  omentum,  and  from  the  upper  surfa^oe  as> 
the  posterior  border  as  the  falciform,  coronary,  end  ri£A' 
and  left  lateral  ligaments. 

The^f^rotM  coat,  or  tunica  propria^  is  immediately  n^ 
jacent  to  the  serous  coat»  and  is  so  closely  adherent  toli* 
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to  be  sepuatod  from  it  with  difficnltj ;  but  along  the  linn 
of  reflection  of  the  ligamenta  from  the  liver,  at  the  trans- 
verea  fiunre,  and  at  the  foese  for  the  gall  bladder  and 
inferior  cara,  it  can  be  readily  recogniaed  a>  a  definite 
fibrona  membrane.  When  caiefolly  raised  from  the  liver 
delicate  prooeasea  of  areolar  tinas  may  be  aeen  to  paes  from 
its  deep  surface  into  the  sobatance  of  the  organ.  At  the 
transverse  fisaare  it  is  prolonged  into  the  liver  as  a  very 
distinct  iheatii,  envetbping  the  portal  vein,  hepatic  artery, 
hepatic  duct,  nerves,  and  lymphatics.  This  aheath  is 
named  the  eaptvtt  <^  Oliuon,  and  is  prolonged  thronghoat 
the  snbetance  of  the  otf^an,  along  the  ramifications  of  the 
portal  vein,  and  the  stmctnres  that  accompany  it 

Lobulet  of  the  Liver. — To  the  naked  eye  the  sabstsnce 
of  the  liver  does  not  pre* 
sent  a  homogeQcous  aspect, 
but  is  mottled,  and  mapped 
out  into  mnltitudea  of 
small  areas  or  lobnlee, — the 
hepatic  lobula  or  leaflett. 
The  lobules  of  the  liver 
are  in«gular  polygons,  and 
vary  in  size  from  ^th  to 
^th  of  an  inch.  In  man 
and  the  tnammalift  gene- 
rally, the  lobules  are  im. 
perfectly  separated  from 
each  other  by  the  intei^ 
lobular  vessels  aud  dnc^ 
and  a  scarcely  appreciable  quantity  of  areolar  connective 
tissue.     In  the  pig,  as  is  well  known,  each  lobule  is  circum- 
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Kciibud  by  a  definite  capsule  of  connective  tissue,  and  ttie 
cajwulus  uf  adjacent  lobules  blend  with  each  other.  In  the 
camel  thu  ob^ervatioua  of  Goodsir  showed  that  the  ca[>°ulc5 
uf  counectivu  tissue  were  thicker  and  more  distinct  th:in  in 
the  ]jig.  In  the  jmlar  bear,  Johannes  JliiUer  has  described 
the  lobules  as  distinct  and  easily  separable  from  each  othtr : 
and  Hyrtl  has  observed  a  similar  sqjjiearance  in  the  liver 
uf  the  Soutli  American  rodent,  Oclwlon  Cvmiwjii.  The 
ciijisule  of  connective  tissue  is  continuous  with  GIissi.>n's 
cajisule,  H'Lich  invests  the  interlobular  vessela,  and,  in  the 
case  of  the  lobules  lying  next  the  surface  of  the  liver, 


with  the  delicate  processes  of  the  fibrous  coat  which  p&s 

into  the  substance  of  the  organ.  * 
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As  a  lobule  of  the  liyer  is  a  liver  in  miniatare,  and  as 
the  Btructnre  of  the  entire  liver  is  the  sum  of  the  structure 
of  its  constituent  lobules,  it  will  be  necessary  to  examine 
with  care  the  constituent  parts  of  a  lobule,  and  the  arrange- 
ment of  the  vessels,  duct,  and  nerves  which  pass  to  and 
from  it  A  hepatic  lobule  is  composed  of  blood-vessels, 
secreting  cells,  and  bile  ducts,  with  perhaps  nerves  and 
lymphatics.  The  blood-vessels  will  first  be  considered. 
The  liver  receives  its  supply  of  blood  through  two  vessels, 
the  portal  vein  and  hepatic  artery,  and  the  blood  brought 
by  both  these  vessels  leaves  the  liver  through  the  large 
hepatic  vein. 

The  ported  vein  conveys  to  the  liver  the  venous  blood 
from  the  stomach,  spleen,  pancreas,  gall  bladder,  and 
smsll  and  large  intestine.    It  ascends  to  the  transverse 
fissure,  and  before  it  enters  the  liver  divides  into  two 
branches,  one  for  the  right  and  one  for  the  left  lobe.    In 
its  course,  within  the  liver,  the  portal  vein  divides  and 
subdivides  after  the  manner  of  an  artery.     It  is  closely 
accompanied  by  the  hepatic  artery  and  duct,  and,  along 
with  them,  is  invested  by  the  fibrous  sheath,  called  Qlis- 
son's  capsule.    The  terminal  branches  of  the  portal  vein 
run  between  the  lobules,  and  are  named,  from  their  posi- 
tion, the  interlobular  branches.    The  interlobular  branches 
lie  around  the  circumference  of  a  lobule,  and  anastomose 
with  each  other.     They  partly  terminate  directly  in  a  capil- 
lary network  situated  within  the  lobule,  and  partly  give 
off  fine  branches,  which  enter  the  lobule  before  they  end 
in  the  capillary  network.     The  intndolndar  capUlariei  form 
a  dose  network,  which  converges  from  the  periphery  of 
the   lobule,    where  they  spring  from   the   interlobular 
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I  to  the   centre  of  the   lobole, 
where    they   termi- 
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from  each  other  b_v  a 
djs  net  caiisule,  the 
Cftj.  llories  of  one 
lubule  to  some  es- 
!  w  h  th  of  adjacent  lobules. 
t  e  a  branch  of  the  cithac  axis,  elostly 
ace  miian  tr-  as  tin  d)  stat  d  the  portal  vein,  and  diviilM 
into  two  brani.-bt'=,  for  the  right  and  left  lobes.  It  entera  the 
traiisvcFite  fissure  and  ramifies,  along  with  the  portal  rein. 
thr*>ugh  the  substance  of  the  liver.  It  is  the  autrient 
arterj-  of  the  liver,  and  gives  off  three  series  of  branches: 
a,  o'-jhi-il  braiii-h'-t:,  which  are  distributed  to  the  walls  L.f 
the  jKirtal  vi-iu,  the  hejiatic  duct,  and  to  Glisson'a  cai>sa]e, 
probably  also  to  the  wall  of  the  hepatic  vein.  They  enJ 
in  a  ca[iiILiry  network  in  these  structures,  from  which 
lyfji'i'if  rciiit  arise  that  terminate  in  the  portal  vein,  h, 
ra/'-'i'lar  hmiirlc-s,  which  are  distributed  to  the  fibruus  coat 
of  the  liver  and  end  in  a  capillary  network,  from  which 
arise  Mi-sular  tvins  that  join  the  portal  vein.  The  capsular 
branches  anastumose  with  the  diaphragmatic  arteries,  in 
the  areolar  tissue  which  attaches  the  posterior  border  of  the 
liver  to  the  diaphragm,  and  sundry  offahoota  which  pwa 


UTSB. 


73S 


between  the  layen  of  the  ampensoiy  ligunent,  anastomose 
with  the  epigastric  branch  of  the  internal  mammaty  artery. 
e,  imteHobular  brancfia  of  the  hepatic  arteiy  lie  along  with 
the  interlobular  branches  of  the  portal  vein,  and  end  in  the 
capillaiy  network  within  the  lobules. 

The  hepatic  vein  arises  within  the  snbstance  of  the  liver 
from  the  intca-lobniar  capillaries.  lu  the  centre  of  each 
lobule  is  the  intraUibular  or  eaUral  vein.  It  tnveraea  the 
axis  of  the  lobnle, 
and  leaves  it  to  join 
a  small  rein  mn- 


nnder  tiie  bases  ol 
adjacent  loboles, 
which,  from  its 
position,  is  named 
thanMobularveii*. 
Adjacent  ea1>-lobn. 
Ur  veins  then  join 
together,  and  form 

Isi^rveasels  which  

»  aiXn.ri.of    «•»-•"••■'=-"■ 

the  Mepatie  vein,  or  the  fiepatie  cenoiM  eaitalt.  Theee 
troaks  ran  towards  the  pOeterior  border  of  the  liver,  and 
open  into  the  inferior  vena  cava.  The  snb-lobuUr  veins 
and  hepatic  venons  tnmka  differ  from  the  branches  of  the 
porial  vein  in  the  following  particulars : — They  are  not 
accompanied  by  other  vessels ;  they  ore  not  invested  by 
GFlisson's  oapBule,  and  are  more  or  less  closely  adherent  to 
the  rarronnding  lobulea ;  they  gape,  and  do  not  collapse 
when  the  liver  is  cut  throngh ;  their  coats  are  so  thin  that 
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the  lobules  can  be  seen  through  them  ;  they  have  no  rek- 
tiuii  to  tiie  traQsverae  fissure. 

From  thb  description  of  the  vascular  arrangements 
within  the  liver,  it  will  be  seen  that  the  intra-lobnlar  capil- 
l;irits  are  coutinnous  with  three  vascular  trunks,  two 
which  carry  blood  to  them,  the  porta!  vein  and  the  hepatic 
artcr)- ;  one  which  conveys  the  blood  away  from  them,  the 
hepatic  vein.  The  communication  in  each  case  is  so  free 
tliat  the  capillaries  can  be  artificially  bjected  from  any 


>f  thes 


ssels. 


The  itrreti/iy  cdh  of  the  liver,  htpatic  cells,  form  the 

prtiper   parenchyma   of   the    organ.      They  are   situated 

within  the  lobules,  and  occupy  the  spaces  of  the  capillary 

uftwkirk.    The  cells  vary  in  diameter  from  jr^^th  to  7-555*'' 

JTuIi ;  they  have  the  form  of  irregular  polyhedrons,  with 

friint  four  to  seven  sides,  and  with  the  angles  sometimes 

Anr\i  at  others  rounded.     They  do  not  appear  to  p<)sse*a 

1  II     b      h        a  d      u      nu  1  Th    ceU  pro- 

ll  ml  d  u      11  f     drops  and 

II       [         1        j     re    ly  b  I    1     m  C  1  u  less  gta 

u  1       II       d  to  be  gl 

V,     "V  a     als       fil  rj  ed 

pro    plasm. 

m  nta  ha  e 

d    to     tak 

1  n    h  11     wh  n 

1      d   f    m        ho  her 

\\.     Krause     states     that 

fusiform  cells  sometimes  Uc 

between     the     polyhedi^ 

cells.    The  genera]  arrange- 
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ment  of  the  cells  -ii  in  rows  or  colnmns,  and  when 
•actions  are  made  tlmmgli  a  lobole,  teuuretM  to  the  long 
axis  of  the  central  vein,  tiie  colomna  of  cells  an  seen  to 
convei^  from  the  periphery  to  the  centre  of  the  lobule, 
and  to  form  a  network. 

Bj  manjr  obeerven  the  cells  are  n^;Brded  as  in  contact 
with  the  intra-lobolar  c^Uaries,  withont  the  intervention 
of  an  intennediat«  membrane. 

By  others,  and  more  especially  by  Lionel  Beale,  the 
secreting  calls  ara  regarded  as  enclosed  in  a  tnbnlar  net- 
wo^  the  wsU  of  which  is  fonnsd  by  a  basement  mem- 
brane, Beale  states  that  the  diameter  of  the  network  is 
nsnally  about  yi^th  of  an  inch  in  most  mammals.  Accord- 
ing to  this  Tiew,  the  cells  are  not  in  direct  contact  with  the 
capillary  blood-vessels,  but  separated  from  them  by  the 
basement  membrane  In  some  parts  of  the  lobule  Beale 
has  been  able  to  demonstrate  the  basement  membrane  as 
distinct  from  the  wall  of  the 
capiUaries,  bat  nsnaUy  they  are 
incorporated  together.  At  the 
periphery  of  the  lobule  Uie  mem- 
brane becomes  continuous  with 
the  wall  of  the  interlobular  dnct, 
I  have  seen  in  the  liver  of  the 
camel  delicate  bars  of  connective 
tissne,  prolonged  from  the  capsule 
of  the  lobule  between  the  columns 
of  scenting  cells,  so  as  to  form 
a  Bostentocnlar  tissne  quite  dis- 
tinct from  the  network  of  blood 
capillaries. 
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The  hepatic^  or  hUe  duct,  is  the  tabe  that  conveyB  the 
bile  out  of  the  liTer.    It  leayes  the  tiaosTeTBe  fiasore  u 
two  bnincheSy  one  from  the  ri^t^  another  from  the  left 
lobe,  which  almost  immediately  nnito  at  an  acute  an^ 
As  already  stated,  it  closely  accompanies  within  the  liter 
the  ramifications  of  tiie  pOTtal  rein  and  hepatic  artery,  and 
its  terminal  branches  pass  between  the  lobules  to  form  the 
iniedolnUar  branches  of  the  duct     If  the  hepatic  duct  be 
izgected,  not  only  does  the  injection  fill  the  interlobular 
ducts,  but  it  flows  into  a  set  of  excessively  minute  pasaages 
witiiin  the  lobules  themselves.      These  passages  are  ax- 
ranged  so  as  to  form  a  polygonal  network,  which  may 
appropriately  be  called  the  intraloMar  kUiary  network 
This  network  has  a  most  intimate  relation  to  the  polyhedral 
hepatic  cells,  for  the  passages  lie  between  the  flattened 
sides  of  adjacent  cells,  so  that  each  cell  is  endoaed  in  a 
mesh  of  the  network. 

The  Qerman  observeis,  who  first  directed  atkeutioQ  to 
these  passages,  named  them  bile^apUkuries^  and  Macgil- 
lavry,  Frey,  and  Eberth  supposed  that  they  possessed  as 
independent  wall,  distinct  from  the  hepatic  cells 
which  they  are  situated.  But  it  is  doubtful  if  su^  a 
exists,  and  it  seems  much  more  probable  that  th^  are 
merely  intercellular  passages  bounded  by  the  protoplaam  uf 
the  hepatic  cells. 

The  intra-lobular  biliaiy  network  differs  from  tbe  intn- 
lobular  blood  capillaiy  network,  not  only  in  the  charaicter 
of  the  fluid  conveyed,  but  ii^  other  important  parlictilars 
The  bile  passages  have  a  transverse  diameter  of  mhoax 
<^th  that  of  the  blood  capillaries:  the  panssfflw  «re  b 
rehition  to  the  sides  of  the  cdlsy  the  Uood  capillaries  u 
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their  anglesy  bo  that  the  two  sjeteitts  of  networks  are  not 
in  contact  with  each  other,  but  are  sepacatedby  intervening 
hepatic  cell  subetance ;  the  passages  have  not,  in  all  pro- 
bability, an  independent  wall,  such  as  is  possessed  by  the 
blood  capillaries. 

As  these  passages  can  be  ii^jected  from  the  hepatic  duct, 
and  as  they  convey  bile  from  the  interior  of  the  lobole  into 
the  dnct,  it  is  obvions  that  they  most  be  continuoas  with 
the  lumen  of  the  interlobular  branches  of  the  duct,  at  the 
perii^ery  of  the  lobules.  The  watt  of  an  interlobular 
dnct  consists  of  a  membrana  propria,  lined  by  colunmar 
epithelium.  From  this  duct  fine  branches  enter  the  peri- 
phery of  the  lobule,  and  the  epithelial  lining  abuts  on  and 
assumes  the  character  of  the  rows  of  hepatic  ceUs,  whilst 
the  intercellular  passages  of  the  biliary  network  become 
continuous  with  the  lumen  of  the  duct 

The  wall  of  the  larger  bile  ducts  is  formed-  of  a  fibro- 
elastic  tissue,  with  a  proportion  of  non-striped  muscular 
Sbte:  it  is  lined  by  a  columnar  epithelium.  Opening 
into  the  larger  ducts  are  numerous  orifices,  which  com-* 
municate  with  branched  ccecal  tubes  and  follicles,  situated 
within  and  clustered  around  the  walk  of  the  laiger  ducts, 
often  in  considerable  numbers.  Some  of  these  appendages 
to  the  duct  doubtless  serve  as  glands  for  the  secretion  of 
mucus,  but  others  are  probably,  as  Beale  supposed,  mere 
diverticula  of  the  duct,  in  which  the  bile  may  be  tem- 
porarily retained,  as  in  the  gall  bladder. 

The  hepatic  duct  also  gives  origin  to  some  tUterrani 
dueUf  which  were  described  by  Kieman  and  Henle  as 
passing  into  the  left  lateral  ligament  of  the  liver,  and 
into  the  fibrous  bands,  which  sometimes  bridge  over  the 
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f',.s.Ni  for  the  rena  cava  and  the  fissure  for  the  umbilical 
vein.  Thev  anastom<>se  freely  with  each  other  in  these 
kci'iitit^,  and  have  blind  tcrminitioas ;  they  are  not  sur- 
roTiLdri  bv  hcpitic  lobul^.  Thej  are  lined  bj  columnar 
e^'iibvliuriL 

Th-  /v;/i^'A  7f(>^*  of  the  liver  form  a  saj>erficial  and  a 
drrp  ^-t.  The  suji-erdcial  set  ramifies  beneath  the  serous 
Lvat.  where  it  forms  a  network-  Each  capsular  branch  of 
tLe  Lviatic  artery  is,  according  to  T.  A,  Carter,  accom- 
[iLici  by  a  f-air  of  lymphatics,  which  are  connected 
t^j.'cthrr  at  intervals  by  short  transverse  branches,  so  that 
the  anery  is  more'  or  less  ensheathed  by  lymphatics. 
TLe  deep  hinphatics  accompany  the  portal  vein  and 
hepitic  artery  as  far  as  the  intervals  between  the  lobules, 
where  they  form  intr:rl'J>ular  lymphatics^  which,  like  the 
c<  rr  -punding  branches  of  the  portal  vein,  run  around  the 
Ljl'alj.  Ciner  has  traced  into  the  lubule  towards  its 
centre  minute  branches  of  tha  interlobular  lymphatics: 
Mae^illavry  considers  that  the  intra-lobular  capillaries 
are  surrounded  by  lymph  sj:»aces ;  A.  Budge  has  injected 
lymph-vessels  in  the  wall  of  the  central  vein  of  the  hej.^tic 
lubule-.  and  Kolliker  has  observed  lymphatics  surrounding 
the  hepatic  vein,  Kisselew  has  described  lymph-follicles 
in  relation  to  the  interlobular  lymphatics  of  the  pig. 

The  nerves  of  the  liver  arise  from  the  coeliac  plexus  of 
the  s\-uipathetic  and  from  the  left  pneumogastric  They 
accompany  the  portal  vessels  in  their  distribution,  and 
supply  the  muscular  coats  of  the  vessels.  According  to 
Pdiiiier,  nerves  may  be  traced  to  the  secreting  cells  within 
the  lubules. 

The  obliterated  umhili:al  vein,  to  which  reference    has 
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been  made  in  the  description  of  the  round  ligament  of  the 
liver,  is  an  important  yessel  in  the  foetns.  It  conyeys  the 
blood  from  the  placenta,  enters  the  abdominal  cavity  at  the 
umbilicnsy  and  ascends  to  the  longitudinal  fissure  on  the 
under  surface  of  the  liver.  Here  it  divides  into  three 
branches;  one  joins  the  portal  vein,  and  conveys  the  blood 
through  that  vessel  into  the  intra-lobular  capillaries  and 
hepatic  vein ;  another  enters  the  liver,  and  divides  into 
branches,  which  terminate  in  the  intra-lobular  capillaries ; 
the  third  continues  in  the  longitudinal  fissure  under  the 
name  of  ductus  vemasus,  and  joins  directly  the  inferior 
vena  cava.  The  blood  of  the  umbilical  vein  ultimately 
reaches,  therefore,  the  inferior  cava,  either  directly  or 
by  passing  through  the  hepatic  circulation.  When  the 
umbilical  cord  is  tied  after  the  birth  of  the  duld,  the  con- 
nection with  the  placenta  is  severed,  and  the  umbilical 
vein  and  ductus  venoeus. shrivel  up  into  fibrous  cords. 

The  Gall  Bladder  is  a  reservoir  for  the  bile,  situated 
in  a  fossa  on  the  under  surface  of  the  right  lobe  of  the 
liver,  and  in  a  notch  in  its  anterior  border  (fig.  197).  It 
is  pyriform  in  shape,  its  larger  end,  or  fundus,  projects 
beyond  the  anterior  border;  its  opposite  end,  or  neck, 
gives  origin  to  the  cyiHe  duet,  which  is  directed  to- 
wards  the  transverse  fissure;  after  a  course  of  1|  inch,  it 
joins  the  hepatic  duct,  and  forms  the  common  bile  duct^ 
duetu$  eommunu  ekoUdockui.  At  its  neck,  the  ^U 
bladder  bends  on  itself  in  a  sigmoid  curve.  The  gall 
bladder  is  three  or  four  inches  long,  and  can  hold  from 
one  to  two  oil  of  bila.  It  is  attached  to  the  liver  partly 
by  areolar  tissue,  and  partly  by  the  peritoneum,  which  is 
reflected  over  its  free  surface. 


•  •■) 
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S":'t:.^'f, — In  adiiiion   to  its  partial  prrous  c*>it,  the 

g-il'.  ll^der  Li5  a  £bn:»oL5  and  mucoos  coat     The  fihrou9 

o*T'  ooL^i>:5  cf  intcrlucing  bands  of  connective  tissue,  with 

wL:  h   njn-strly-ed   ninscular   fibres   are   sparingly   inter- 

H-iLj'.cxi-     Tie  •nw^^ju^'  nir7?:'^'rifi^  lining  the  gall  bladder  is 

drx:  It  bilr^Mir.oL   and  pre^s^nts  on  its  free  surface  an 

av-.l-ir  arre-iTin.^e,  due  to  die  presence  of  mul  tirades  of 

inii.ute  fvl  15,  which  form  a  reticulum  with  intermediate 

df :  Tr^c-ions,     TLis  surfa*^  is  covered  by  columnar  epithe- 

1: •--_:.     Tie  mnc-us  lining  oi  hc'Xh  the  neck  of  the  gall- 

llj-iier  and  cT^tio  duct  is  thrown  into  folds,  which  in  the 

dir.  iive  an  o clique  direction,  and  form  the  spiral  valve. 

K-i.-^ni-^se  y.3nds,  for  the  secredon  of  mucus,  occur  in  the 

w.ill   C'f  the   iTJill  bladder,  cvstic  duct,  and  common  bile 

du::.     The   call  bladder  is  supi^lied  with  blood  bv  the 

cv?::c  rr:j::h  of  the  hevatic  artcrv.     It  receives  Ivmphatics 

.  A  •  V  aT 

i-i  nerves  ccntinuons  with   thc«se  which  belong  to  the 
«  "ii"",  r. 

The  C-^i-^i"'  Bur  Z>i-f,  fc-mied  by  the  junction  of  the 
;r5::o  ani  hetxidc  ducts,  is  aK>ut  3  inches  lonii,  and 
o'-ivivs  the  bde  into  the  duvienunL  It  lies  in  the  gastiw 
h:^:::  onienruni  b«e:w^en  its  two  lavers,  havinir  the 
j.f  -»:::  .irrerv  to  its  left,  and  the  portal  vein  behind  it, 
I:  :hcu  inclines  l-ehiud  the  du^>ienam  to  the  inner  side  o( 
::s  le^cxudinj  r^rt,  where  it  c^mes  into  relation  with  the 
:  •n:r\:j.::c  duct.  The  two  ducts  then  run  to-^ther  in  an 
exti  n  thrju^h  the  wall  of  the  duodenum,  and 
sunindt  of  a  p^pllia,  by  a  common  ori^ce, 
iil'  .::  the  junction  of  the  descending  and  transvase 
tvTtijns  of  the  duc^euuuL 


••  J 
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The  Fancbbab. 

The  Ftocreas  ia  an  elongated  gland  which  lies  in 
relation  to  the  posterior  wall  of  the  abdomen,  in  front  of 
the  first  Inmbar  yertebra,  and  extends  obliquely  from  the 
right  Inmbar  region  through  the  epigastrium  into  the  left 
hypochondriac  region.  It  is  from  6  to  8  inches  long,  and 
whilst  its  dilated  right  extremity,  or  haad^  occupies  the 
horse-shoe  curve  of  the  duodenum,  and  is  attached  by 
areolar  tissue  to  the  descending  and  transTerse  portions, 
its  attenuated  left  extremity,  or  tad,  is  in  relation  to  the 
spleen.  Anterior  to  the  pancreas  is  the  pyloric  end  of  the 
stomach  and  a  portion  of  the  posterior  surface  of  that 
organ,  but  between  the  stomach  and  pancreas  is  the  lesser 
cavity  of  the  peritoneum,  and  the  anterior  surface  of  the 
pancreas  is  covered  by  the  layer  of  peritoneum,  which 
forms  the  posterior  boundary  of  that  cavity.  It  ia 
attached  behind  by  areolar  tissue  to  the  crura  of  the 
diaphragm,  the  splenic  and  superior  mesenteric  yessels, 
the  portal  vein,  the  aorta,  inferior  vena  cava,  left  kidney, 
and  supra-renal  capsule.  A  prolongation  of  the  gland, 
named  the  oeeeBsory  or  leaser  panerecUf  usually  surrounds 
the  superior  mesenteric  artery  at  its  origin. 

Structure, — ^The  pancreas  is  one  of  the  compound 
racemose  glands,  and  resembles  generally  in  structure 
the  mucous  and  salivary  glands  of  the  mouth  and  the 
glands  of  Bmnner  (fig.  191).  It  is  sometimes  called  the 
abdominal  salivary  gland,  and  its  secretion  flows  into 
the  duodenum,  and  assists  in  the  process  of  chylifica- 
tion.    It  has  a  ydlowiah  creamy  colonr,  and  is  divided 
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iuto  distinct  lobules  by  septa  of  connective  tissue.  The 
excretory  duct,  or  diLct  of  Wirsun^,  is  completely  sur- 
rounded by  the  lobules,  and  extends  from  the  tail  to  the 
head  of  the  giaud,  receiving  in  its  passage  the  numerous 
secondary  ducts,  and  increasing  gradually  in  size.  Ic 
leaves  the  head  of  the  gland,  comes  into  relation  with  the 
common  bile  duct,  and  with  it  pierces  obliquely  the 
posterior  wall  of  the  descending  part  of  the  duodenum,  to 
open  by  a  common  orifice  about  the  junction  of  the 
descending  and  transverse  portions.  Sometimes  the  duct 
from  the  accessory  part  of  the  pancreas  opens  indepen- 
dently into  the  duodenum,  a  little  above  the  common 
hepatico-pancreatic  orifice.  The  finest  ducts  within  the 
gland  terminate  in  the  acini,  or  gland  vesicles  of  the 
lubules.  These  acini  contain  the  secreting  cells,  which 
have  a  somewhat  cubical  form.  Minute  channels  or  inter- 
cellular pasi>ages  have  been  described  by  Saviotti,  be- 
tween the  secreting  cells,  similar  to  those  already  referred 
to  in  the  acini  of  the  salivary  glands.  The  ducts  are 
lined  by  a  columnar  epithelium,  and  mucous  glands  are 
situated  in  the  mucous  membrane  lining  the  duct  of 
Wirsung. '  The  pancreas  receives  its  supply  of  blood  from 
the  pancreatic  branches  of  the  splenic  artery,  the  inferior 
pancreatico-duodenal  of  the  superior  mesenteric,  and  the 
su^>erior  pancreatico-duodenal  of  the  gastro-duodenal  of 
the  hepatic  Its  veins  join  the  splenic  and  aaperior 
mesenteric  veins,  and  through  them  contribute  to  the  fof^ 
mation  of  the  portal  vein.  Its  blood  capillaries  are 
abundantly  distributed  on  the  walk  of  the  gland  vesicles. 
Lymph  vessels  are  found  in  the  connective  tissae  between 
the  lobules.      The  nerves  are  derived  from   the  solar 
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plezna,  and  accompany  the  arteries ;  thej  are  belieyed  bj 
Pfluger  to  have  a  similar  mode  of  termination  to  that 
described  by  him  in  the  salivary  glands  (p.  658). 


The  Teeth. 

The  Teeth  are  calcified  organs  deTeloped  in  connection 
with  the  macous  membrane  of  the  month.  Their  primary 
use  is  that  of  biting  and  grinding  the  food ;  but  in  man 
they  serve  as  aids  to  speech,  and  in  many  animals  act  as 
instruments  of  offence  and  defence. 

Arrangement  and  Form  of  the  Teeth, 

Teeth  are  present  in  the  greater  number  of  the  mam- 
malia^ in  which  dass  they  are  implanted  in  sockets  in  the 
alveolar  arches  of  the  bones  of  the  upper  and  lower  jaws, 
and  form  only  a  single  row  in  each  arcL  In  a  few 
mammals,  as  the  toothed  whales  and  the  sloths,  only 
one  generation  of  teeth  is  produced,  and  when  these  drop 
oat,  they  are  not  replaced  by  successors ;  these  animals 
Are  called  Monophyodont  In  the  majority  of  the  mam- 
malia, however,  there  are  two  generations  of  teeth;  a 
temporary  or  milk  set,  which  are  deciduous,  and  are 
replaced  by  a  permanent  or  adult  set ;  these  animals  are 
called  Diphyodont  But  in  speaking  of  two  generations 
of  teeth  it  is  not  to  be  supposed  that  all  the  teeth  in  the 
adult  jaw  have  had  temporary  predecessors,  for  the  molar 
or  back  teeth  have  only  a  single  generation.  A  few 
mammals,  as  the  toothed  whales,  have  the  teeth  uniform 
in  suse,  shape,  and  structure,  and  are  named  Homodont ; 
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but,  in  the  majority  of  the  mammalia,  the  teeth  in  the 
sasie  jaw  vary  in  size,  form,  and  structure,  and  are  there- 
fore called  Heterodont.  In 
every  Heterodont  mammal, 
possessing  a  complete  denti- 
tion, four  groups  of  teeth  are 
found,  which  are  named  in- 
cisor, canine,  premolar,  and 
molar  teeth.  Each  of  the>e 
teeth  possesses  a  rroir/i,  which 
projects  into  the  cavity  of  the 
mouth,  and  a  /«J«y  lodj:ea 
in  the  socket  in  the  jaw ;  at  the  junction  of  the  crown 
a:.d  faiii:  there  is  usually  a  constriction  named  the  7i^'k 
Lt  the  tc»o:L 

In  Man  the  dentition  is  Diphyodont  and  Heterodont. 
The  siniTle  row  of  teeth  in  each  alveolar  arch  of  the  human 
jaw  Li  characterised  by  the  crowns  of  the  teeth  being  ui 
almost  equal  length,  and  by  the  absence  of  any  great 
iiitersjaoe,  or  Jias(t77ia,  between  the  different  teeth,  or  of 
irrej:ularities  in  the  size  of  the  interspaces,  so  that  the 
teeth  fv.»rm  an  unbroken  series  in  each  jaw.  The  span  oi 
the  upper  dentil  arch  is  slightly  bigger  than  that  of  tie 
luwer,  so  that  the  lower  incisors  fit  within  the  upper,  and 
the  lower  molars,  being  inclined  obliquely  upwards  and 
inwards,  are  somewhat  overlapped  by  the  upper  molars^ 
The  upper  and  lower  dental  arches  terminate  behind  in 
line  with  each  other,  and  the  teeth  are  equal  in  number 
in  the  two  jaws. 

Man  possesses  32  teeth  in  his  permanent  dentiti<:<n. 
arranged  in  four  groups,  viz, — 8  incisors,  4  canines,  tf 
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premolare  or  biciupidB,  and  12  molan.  The  number  and 
arrangement  of  the  teeth  in  the  two  jaws  is  ezpressed  in 
the  following  formula : — 


Formula  of  Permanent  DenHtion, 


iiL      pn.        e«        in. 
3        2         12 

3         2         12 


in.        0.       ifiBL       m. 
2         12        3 

2         12         3' 


32. 


Man  poesesses  only  20  teeth  in  his  milk  or  temporary 
dentition,  and  their  arrangement  is  expressed  in  the  fol- 
lowing formula : — 

Formula  <jf  Temporary  DefdUum, 


in.        c        in. 
2         1         2 

2         1         2 


in^       c.        m. 
2         12 

-2         I         2*^^- 


If  the  temporary  and  permanent  formnle  be  compared 
with  each  other,  it  will  ^be  seen  that^  while  the  incisors 
and  canine  teeth  correspond  in  numbers  in  both  dentitions, 
in  the  temporary  dentition  there  is  an  absence  of  pre- 
molars, and  the  molar  teeth  are  only  8,  instead  of  12  in 
number. 

The  characters  of  the  permanent  teeth  will  now  be  con- 
mdered. 

The  IncUor  Teeth^  eight  in  number,  are  lodged  in  the 
front  of  the  jaws,  two  on  each  side  of  the  mesial  plane. 
The  upper  incisors  project  downwards  and  forwards,  the 
lower  are  directed  almost  vertically  upwards.  The  obbque 
direction  of  the  upper  incisors  in  the  Negroes,  Caffres, 
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and  Australians  adds  to  the  prognathic  form  of  the  face 
j)ossessed  by   these   races.      The   central  pair  of   upper 
incisors  are   larger  than  the  lateral :  whilst  the   lateral 
pair  of  lower  incisors  are  larger  than  the  central  i>air, 
which  are  the  smallest  incisor  teeth.     The  crowns  of  the 
incisor  teeth  are   chisel-shaped,  and  adapted  for  biting 
and  cutting  the  food;  the  anterior  or  labial   surface  is 
convex,  the  posterior,  palatal,  or  lingual  surface  is  con- 
cave.    WTien  the  crown  is  first  erupted  the  cutting  edge  is 
minutely  serrated,  but  the  serrations  soon  wear  down  by  use. 
The  fangs  are  long  and  single;  being  in  the  upper  incisors 
round  and  fusiform,  in  the  lower  laterally  compressed,  and 
sometimes  marked  by  a  longitudinal  groove.     Although 
the   human   incisors  are,  as   the  name   implies,  cutting, 
chisel-shaped  teeth,  in   many  mammals  the  incisors  are 
greatly  modified  in  form,  as  for  example  in  the  tusks  of 
the  elephant.      The   determination  of   the   incisor   teeth 
does  not  depend,   therefore,  on  their  form,  but  on  their 
position  in  the  jaws.     The  name  incisor  is  given  to  the 
teeth  situated  in  the  pre-maxillary  portion  of  the  upper 
jaw,  and  in  the  anterior  end  of  the  lower  jaw,  whatever 
their  shape  may  be. 

The  Canine  or  Unicusi^id  Teeth,  four  in  number,  one 
on  each  side  of  the  mesial  plane  of  each  jaw,  are  placed 
next  the  lateral  incLsors.  They  are  bigger  than  the  incisor 
teeth,  and  the  upper  canines,  which  are  sometimes  called 
the  eye-teeth,  are  larger  than  the  lower ;  the  fangs  of  the 
upper  canines  are  lodged  in  deep  sockets  in  the  superior 
maxill.e,  which  extend  towards  the  floor  of  each  orbit 
The  crowns  of  these  teeth  are  thick  and  conical,  convex 
on  the  labial  surface,  concave  on  the  lingual ;  the  fangs 
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are  long,  single,  conical,  compressed  on  the  sides  where 
they  are  marked  by  a  shallow  groove.  In  many  ynf^T"«nft^'» 
these  teeth  are  developed  into  large  projecting  tusks. 

The  Premolar  or  Bicuspid  Teeth,  eight  in  number,  two 
on  each  side  of  the  mesial  plane  of  each  jaw,  lie  imme- 
diately behind  the  canines,  and  the  upper  bicuspids  are 
somewhat  larger  than  the  lower.  The  crown  is  quad^ 
iHateral  in  form,  and  convex  both  on  the  inner  and  outer 
surfaces.  It  possesses  two  cusps,  of  which  the  outer  or 
labial  is  larger  and  more  projecting  than  the  inner, 
palatal,  or  lingual  cusp.  The  fangs  of  the  upper  bicus- 
pids are  single  and  laterally  compressed;  often  bifid  at 
the  point  into  an  outer  and  an  inner  segment;  in  the 
lower  bicuspids  the  fangs  are  rounded,  and  taper  to  a 
single  point 

The  Molar  or  Multicuspid  Teeth^  twelve  in  number, 
are  placed  three  on  each  side  of  the  mesial  plane  of  each 
jaw.  They  are  the  most  posterior  teeth,  are  the  largest 
of  the  series,  and  as  a  rule  decrease  in  size  from  the  first 
to  the  last ;  the  crowns  of  the  lower  molars  are  somewhat 
bigger  than  those  of  the  upper  mokrs.  The  last  molar 
tooth  does  not  erupt  until  the  end  of  puberty,  and  is 
called  dent  sapieiUioB  or  Wisdom  Tooth,  The  crowns  are 
broad,  quadrilateral,  and  convex  both  on  the  inner  and 
outer  surfaces.  The  first  and  second  upper  molars  have 
four  cusps  projecting  from  the  angles  of  the  grinding  or 
masticating  surface,  and  an  oblique  ridge  often  connects 
the  large  anterior  internal  cusp  with  the  posterior  external 
cusp ;  in  the  upper  wisdom  teeth,  the  two  inner  or  palatal 
cusps  are  frequently  conjoined.  The  first  lower  molar 
has  ^y^  cusps,  the  fifth  being  interposed  between  the 
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two  posterior  cospe ;  in  the  second  lower  molar  the  fifth 
cusp  is  nsnallj  absent,  or  only  mdimentaiy  in  siie,  bat 
in  the  lower  wisdom  tooth  it  is  often  present  The  fangs 
of  the  first  and  second  upper  molars  are  three  in  number, 
and  divergent ;  two  on  the  outer  or  buccal  side,  one  on 
the  inner  or  palatal  side ;  in  the  upper  wisdom  the  Isngs 
are  frequently  partially  conjoined,  though  trifid  at  the 
point.  The  fangs  of  the  first  and  second  lower  molars 
are  two  in  number,  an  anterior  and  a  posterior,  of  which 
the  anterior  is  the  laiger ;  they  usually  curve  backwaids 
in  the  jaw :  in  the  lower  wisdom  the  fangs  are  usually 
conjoined,  but  bifid  at  the  point 

The  crowns  of  all  the  teeth  become  more  or  less  flat- 
tened by  use,  so  that  the  incisors  lose  their  sharp  cutting 
edge,  and  the  cusps  of  the  premolars  and  molars  are  wore 
away. 

The  temporary  or  milk  teeth  are  smaller  than  the  per- 
manent teeth.  They  are  more  constricted  at  the  neck« 
where  the  crown  joins  the  fang,  especially  in  the  oiik 
molars,  the  fangs  of  which  also  diverge  more  widely  than 
in  the  permanent  set  The  second  temporary  molar  » 
bigger  than  the  first  The  crown  of  the  first  upper  molar 
has  three  cusps,  two  buccal,  one  palatal:  that  a£  tkt 
second  four  cusps.  The  crown  of  the  first  lower 
has  four  cusps ;  that  of  the  second  five,  three  of 
are  buccal,  two  Ungual  The  temporary  teeth  lie 
vertically  in  the  jaws  than  the  permanent 

The  alveolus,  or  socket  for  the  lodgment  of  the  nf^ 
fanged  teeth,  is  a  single  socket;  in  the  multi-laiiged 
the  socket  is  divided  into  two  or  three  oompartmente, 
ing  to  the  number  of  fangs.    The  socket  is  lined  b^  tht 
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alvaUo-denkU  periodeumj  which  is  oontiaaoas  at  the  mottth 
of  the  socket  with  the  periosteal  coyering  of  the  jaw  and 
with  the  deeper  fibrous  tissue  of  the  gum,  where  it  embraces 
the  neck  of  the  tooth.  At  the  bottom  of  the  socket  the 
alveolo-dental  periosteum  may  be  seen  to  have  the  character 
of  a  distinct  layer  of  retiform  connectiTe  tissue,  on  the  one 
hand  connected  with  the  surface  of  the  cement,  on  the  other 
with  the  more  fibrous  periosteum  lining  the  bony  wall  of 
the  socket  (fig.  207).  Higher  up  the  socket,  the  retiform 
character  of  the  periosteal  connective  tissue  gradually 
disappears,  but  nearer  the  mouth  of  the  socket  it 
reappears,  and  the  stellate  cells  form  a  continuous  network 
with  similar  cells  in  the  deeper  fibrous  part  of  the  gum. 
The  alveolo-dental  periosteum  is  yascular,  its  Tessek  being 
continuous  with  those  of  the  gum,  the  pulp-yessels,  and 
the  bone.  It  receives  nenres  from  those  going  to  the 
pulp.  The  fang  fits  accurately  in  the  socket,  and  through 
a  hole  at  the  tip  of  the  fang  the  blood-vessels  and  nerves 
of  the  tooth  pass  into  the  pulp-cavity  of  the  tooth. 

Strudttre  of  the  Teeth. 

Each  tooth  is  composed  of  the  following  hard  structures 
—dentine,  enamel,  and  cement,  or  crusta  petrosa ;  occa- 
aionally  other  substances,  named  osteo-dentine  or  vaso- 
dentine,  are  present  In  a  tooth  which  has  been  macerated, 
an  empty  space  exists  in  its  interior,  called  the  pulp-cavity, 
which  opens  externally  through  the  hols  at  the  tip  of  the 
fang ;  but  in  a  living  tooth  this  cavity  contains  a  soft, 
sensitive  substance  named  the  pulp. 

The  DetUine  or  Ivory  makes  up  the  greater  part  of  each 
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tooth ;  it  is  Brtoated  both  in  the  crown,  where  it  ia  corend 
hj  the  enamel,  and  in  the  fang,  where  it  is  inrevted  by 
the  cnista  petroea ;  whilst  the  pulp  cavi^  in  the  c«iitie  of 
the  tooth  is  a  cavit;^  in  the 
dentine.  The  dentine  i-i 
coinpoeed  of  an  intimate 
admixtare  of  earthj  and 
aoimal  matter  in  the  pro 
portion  of  28  of  the  auimx) 
to  72  of  the  earthy.    Tii^ 

on   boiling   into   gelatine : 
the  earthy  matter  cwtsists  mostly  of  salts  of  lime. 

If  thin  slices  through  the  dentine  of  a  macerated  toixh 
be  examioed  microscopically,  it  will  be  seen  to  coasiet  cf  a 
hard,  dense,  yellowish  whit^  translucent  aalrix,  pene- 
trated by  minute  canals,  called  dentine  tube*.  The  denti.;-. 
tubes  commence  at  the  pulp  cavity,  on  the  wall  of  whi  ^ 
they  open  with  distinct  orifices.  They  radiate  in  a  nnw  c- 
manner  from  the  pulp  cavity  through  the  thicknees  eS  ihr 
dentine,  and  terminate  by  dividing  into  several  nmBi' 
htaaches ;  this  division  takes  place  in  the  crown  ot  tV 
tooth  immediately  under  the  eoamd,  artd  in  the  bag  •'■ 
the  tooth  immediately  under  the  cnista  petroaa.  In  tU  ' 
course  the  dentine  tubes  braoeh  more  than  ootm  it  t 
dichotomooa  manner,  and  give  off  nnmben  of  axtnBr''- 
DUQute  collateral  branches.  The  transTerBe  iliaiHi>ii  - 
the  dentine  tubes  near  the  pulp  cavity  is  j-^^tk  iaA,  t 
that  of  their  terminal  branches  is  much  aor«  nincw 
When  transverse  sections  are  made  through  the  tabea.  th'  > 
are  seen  to  be  bounded  by  a  distinct  circular  line,  wlaci  > 
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regarded  as  the  sbeath  of  the  dentine  tube ;  for  each  tube 
ia  believed  to  have  a  definite  wall,  not  fonned  of  the 
matrix  substance,  though  coalesced  with  it  By  many 
observers  the  sheath  is  regarded  as  a  calcified  membranous 
tube. 

If  the  dentine  be  exammed  m  a  fresh  tooth,  the  tubes 
will  be  seen  to  be  occupied  by  soft  delicate,  thread- 
like prolongations  of  the  pulp.  The  passage  of  pro- 
cesses of  the  pulp  into  the  dentine  tubes  was  first 
seen  by  Owen  in  the  examination  of  the  tusk  of  an  ele- 
phant ;  but  the  soft  contents  of  the  dentine  tubes  have 
been  made  the  subject  of  special  investigation  by  J. 
Tomes  in  the  human  and  other  mammalian  teeth,  and 
have  been  named  the  dentinal  fibrils,  Sharpey  has  pointed 
oat  that  the  dentine  possesses  a  laminated  structure ;  the 
lamellss  being  arranged  parallel  to  the  wall  of  the  pulp 
cavity.  This  laminated  arrangement  indicates  the  mode  of 
formation  of  the  dentine,  as  will  be  described  on  p.  762. 

In  sections  through  the  dentine  of  dried  teeth,  it  is  not 
uncommon  to  find,  near  its  periphery,  irregular,  black 
spaces  containing  air.  These  spaces  freely  communicate 
with  each  other.  As  the  dentine  which  forms  their  boun- 
daiy  has  not  unf  requently  the  appearance  of  globular  con- 
toon,  they  were  named  by  Czermak  the  interglobular 
spaces.  In  a  fresh  tooth  they  are  not  empty,  but  are 
occupied  by  a  soft  part  of  the  matrix,  which  is  traversed 
in  the  usual  manner  by  the  dentine  tubes.  This  matrix  is 
apparently  imperfectly  calcified  dentine,  which  shrinks  up 
in  a  dried  tooth,  and  occasions  an  air  containing  space. 
A  layer  of  small  irregular  spacea  situated  in  the  peripheral 
part  of  the  dentine  in  the  fang,  immediately  under  the 
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■.-Ti-:j  prin:^  and  sometimeo  nimed  the  •p-anular  layer, 
i  3;  r^rectlv  of  the  iime  nature  as  the  interglobular  sj-aces. 
The  £r<i-irl  is  the  brilliant  white  layer  which  forms  a 
,  cjp  on  the  surface  of   the 

T  1 1    ., -.  -- u"  crown    of  8   tooth.     It   b 

1^  thickest    on     the    cutting 

eil      or  cnnd  ng  surface  of 
the  crown  a  d  thins  away 
t  wards   the    neck,   where 
It   dkijj.ftir*.      It  is   nut 
niv  ihe  ha-dest   part  of  a 
1 1  h.     but     the     hardest 
ue  n  the  Ixidy,  and  con- 
is  of  i)er  cent,  of 
r  hv  and  of  35  fier  cent, 
f    an  mal    matter.      The 
^        (l-ce-^      eat  hy      mater      consists 
*        "j,      aim  tt  en  irely  of  salts  of 
h      I  me      The  ^r^^t  hardness 
in        13  tai        f    the  enamel    admirably 
adap      t  a    a  coreriug  for 
t  e  ci.     a^  ed-o     r  gnnimf  sUrlaces  of  the  crowns  of  the 
ie,,:h. 

WLeu  sections  are  made  through  the  enamel  perpendi- 
cubr  to  the  surface  of  the  crown,  it  is  seen  to  be  composed 
01  microscopic  roiis,  named  the  etiam^l  librrs,  ot  rKfimel 
}  '-'.'fi.'.  These  rods  are  set  side  by  side  in  close  contact 
w  ilk  cSi-h  other;  one  end  of  each  rod  rests  on  the  surface  of 
ibi'  deutioe,  the  other  reaches  the  free  surface  of  the  crown. 
Ihe  rods  do  not  all  lie  parallel  to  each  other,  for  whilst 
some  are  straight,  otheis  are  sinuous,  and  the  latter  seem 
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to  decussate  with  each  other.  The  rods  are  marked  by 
faint  traDBTerse  lines :  they  are  solid  stmctures  in  the 
folly  formed  enamely  and  are  polygonal  in  form.  When 
cut  across  transrersely,  they  are  seen  to  be  hexagonal  or 
pentagonal,  and  about  y^^x^th  inch  in  diameter.  Fissures 
are  often  seen  extending  into  that  surface  of  the  enamel, 
which  rests  on  the  dentine;  and  I  agree  with  Tomes's 
statement^  that  dentine  tubes  may  sometimes  be  seen  to 
enter  the  deep  surface  of  the  enamel 

The  free  surface  of  the  enamel  of  an  unworn  tooth  is 
coTered  by  a  thin  membrane,  named  the  euHcle  ijf  the 
enamel,  or  NcumytlCe  membrane.  This  membrane  can  be 
demonstrated  by  digesting  an  unworn  tooth  in  a  dilute 
mineral  acid,  when  it  separates  as  a  thin  flake  from  the 
free  surface  of  the  crown.  It  is  a  homy  membrane,  which 
resiBts  the  action  of  adds.  Waldeyer  states  that  when 
treated  with  a  solution  of  nitrate  of  silyer,  it  presents  the 
appearance  of  figures  like  large  epithelial  cells.  Its  deep 
surface  is  pitted  for  the  ends  of  the  enamel  rods.  As  the 
crown  of  the  tooth  comes  into  use,  Nasmyth's  membrane 
is  worn  off^  and  the  enamel  itself  by  prolonged  use  is 
thinned  and  worn  down.  In  persons  who  lire  on  hard 
food,  that  requires  much  mastication,  it  is  not  uncommon 
to  find  the  grinding  surface  of  the  crowns  of  the  molar 
teeth  worn  down  quite  flat,  and  the  dentine  exposed. 

The  Cemeni,  Cruita  petrota,  or  Tooth  bone^  forms  a  thin 
covering  for  the  surface  of  the  fang  of  a  tooth,  and 
extends  upwards  to  the  neck.  It  is  of  a  yellowish  colour, 
and  is  usually  thickest  at  the  point  of  the  fang;  though  in 
the  multifanged  teeth  it  sometimes  forms  a  thickish  mass 
at  the  point  of  amvergence  of  the  fangs.    It  possesses  the 
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structure  of  bone,  and  consists  of  a  lamellateil  matrix  witli 
lierforating  fibres,  lacune  and  ctinaliculi.  The  lacuuie  are 
irre{;ukr  Id  size  and  mode  of  arraogernent,  and  vary  aiio 
ia  the  number  of  the  canaliculi  proceeding  from  them- 
Sometimes  tht>  ciinaliculi  anastomose  with  the  braucht-d 
terminations  of  the  dentine  tubes.  In  the  thiu  cement 
situated  near  the  neck  of  the  tooth  the  lacume  are  u.'^uaily 
absent.  If  the  jaw  with  its  contained  teeth  be  softened 
in  acid,  and  sections  be  made  so  as  to  show  the  teeth  in 
si'lit,  there  is  no  difficulty  in  recognising  the  cellular  masi^; 
of  nucleated  protoi)la.''m  within  the  lacunic,  which  resemble 
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in  appearance  the  corresponding  structures  in  the  adja- 
cent bone.  Haversian  canals  are  only  found  in  the 
cement,  when  it  acquires  unusual  thickness.  In  old 
teeth  the  cement  thickens  at  the  tip  of  the  fang,  and 
often  closes  up  the  orifice  int«  the  pulp  cavity  ;  the 
passage  of  the  nerves  and  vessels  into  the  pulp  is  thus  cot 
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off,  and  the  nutritton  of  the  tooth  being  at  an  end,  it  loosens 
in  its  socket  and  drops  out  When  the  tooth  is  in  its 
socket,  the  reticulated  connective  tissue  of  the  alreolo- 
dental  periosteum  is  closely  attached  to  the  outer  surface 
of  the  cement 

OsUo-dentine  and  Vcuo-defUine  do  not  exist  as  normal 
structures  in  human  teeth,  though  they  occur  in  various 
animals.  They  may  appear,  however,  as  abnormalities  in 
the  human  teeth,  and  are  found  on  the  inner  wall  of 
the  pulp  cavity.  Osteo-dentine  is  a  mixture  of  dentine 
structure,  with  lacunse  and  canaliculL  If  vascular  canals, 
like  the  Haversian  canals  of  bone,  are  formed  in  it,  then 
the  name  vaso-dentine  is  applied. 

Tue  Pulp  of  the  tooth  is  one  of  its  most  important  con- 
stituents. It  is  a  soft  substance  occupying  the  cavity  in 
the  dentine,  or  the  pulp  cavity,  and  is  destroyed  in  a 
macerated  and  dried  tooth.  It  consists  of  a  very  delicate 
gelatinous  connective  tissue^  in  which  numerous  cells  are 
imbedded.  Those  which  lie  at  the  periphery  of  the  pulp 
are  in  contact  with  the  dentine  wall,  and  form  a  layer, 
named  by  KGlliker  the  membrana  eboris.  As  the  cells 
of  this  layer  play  a  part  in  the  formation  of  the  dentine, 
similar  to  that  performed  by  the  osteoblast  cells  in  the 
formation  of  bone,  Waldeyer  has  named  them  odanto' 
bkuts.  The  odontoblasts  are  elongated  in  form,  and  their 
protoplasm  gives  off  several  slender  processes  :  some  enter 
dentine  tubes  to  form  the  soft  dentinal  fibres  already  de- 
scribed ;  another  passes  towards  the  centre  of  the  pulp,  to 
become  connected  with  more  deeply-placed  pulp  ceUs, 
whilst  others  are  given  off  laterally  to  join  contiguous 
cells   of  the  odontoblast  layer.      The  pulp  contains  the 
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nerves  and  blood-vessels  of  the  tooth,  which  pass  into 
the  pulp,  through  the  foramen  at  the  point  of  the  fang. 
The  vessels  form  a  beautiful  plexus  of  capillaries. 
The  nerves  are  sensory  branches  of  the  fifth,  cranial  nerve. 
They  enter  the  pulp  as  medullated  fibres,  which  divide 
into  very  fine  non-medullated  fibres,  that  form  a  net- 
work in  the  peripheral  portions  of  the  pulp.  Boll  de- 
tected delicate  branches  of  this  network  passing  outwards 
between  the  odontoblast  cells,  but  no  twigs  were  seen  to 
enter  the  dentine  tubes.  The  pulp  of  the  tooth  is  the 
remains  of  the  formative  papilla,  out  of  which  the  dentine 
or  ivory  has  been  produced.  In  adult  teeth  changes  that 
lead  to  the  production  of  osteo-dentine  and  vaso-dentine 
may  take  place  in  it.  Through  the  dentinal  fibres  an  organic 
connection  is  preserved  between  the  dentine  and  the  pulp, 
and  the  sensitiveness  exhibited  by  the  dentine  in  some 
states  of  a  tooth  is  not  necessarily  due  to  the  passage  of 
nerves  into  it,  but  to  its  connection  with  the  sensitive 
dentine  pulp.  ♦ 

Development  of  tJie  Teeth, 

In  studying  the  development  of  the  teeth,  not  only  has 
the  mode  of  formation  of  the  individual  teeth  to  be  exa- 
mined, but  the  order  of  succession  of  the  different  teeth 
both  in  the  temporary  and  permanent  series. 

The  teeth  are  developed  in  the  mucous  membrane  or  gum, 
which  covers  the  edges  of  the  jaws  of  the  young  embiyo, 
and  their  formation  is  due  to  a  special  differentiation  in 
the  arrangement  and  structure  of  portions  of  the  epithelial 
and  sub-epithelial  tissues  of  that  membrane.     The  enamel 
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is  produced  from  the  epithelium,  and  the  dentiiie,  pulp 
utd  cemeat  from  the  sub-epithelial  comiective  tiaaue. 

The  deoelopment  of  the  temporary  teeth  will  first  be  con- 
Bidered.  If  a  vertical  section  be  made  through  the  mouth 
of  a  yoong  baman  embryo  about  the  6th  or  7th  week, 
ita  cavity  may  be  seen  to  be  lined  by  a  stntiGed  epi- 
thetiom,  contiDuoiiB  with  the  layer  of  stratified  epiblaat 
forming  the  cuticle  of  the  face.  Along  the  edge  of  the 
gnm,  corresponding  in  position  to  that  of  the  future  jaws, 
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the  epithelium  is  of  some  thickness,  and  an  involution  of 
the  epithelium  into  Uie  subjacent  connective  tisane  has 
taken  place.  Owing  to  this  involution  a  narrow  furrow 
<x  ^<xsn  in  the  connective  tisane  ia  prodnced,  which  con- 
Btitutea  the  primitive  dentalyrwne  of  Ooodsir.  Thia  groove 
ia  not,  however,  an  empty  furrow,  but  ie  occupied  by  the 
involntad  epiUietium.  The  sub-epithelial  connective  tisane 
ia  strft  and  gelatioons,  and  abounds  in  ccnpnaclea,  which 
an  especially  abondant  in  the  connective  tiaaue  at  the 
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buttLfiii  of  the  groove,  where  the  denial  ptpillit  are  pri-- 
dueed.  These  pa[nlhe  form,  at  the  bottom  of  the  groovss 
by  au  iucreased  developmeut  and  growth  of  the  corfiUBctes 
of  the  subj;iceat  connective  tissue.  The  l>a*e  of  each  pa[.ill3 
lus  with  the  subjacent  cunnective  ti^ue,  and  thf 
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apes  jiroj^cts  into  the  deeper  part  of  the  involuted  cpiihe- 
liiiiu.  As  a  papilla  increases  in  breadth  and  leDgth.thegivove 
widcus  and  deepens,  and  the  invobi ted  epithelium  incre-ijiiii: 
iti  <]uautity,  exj>ands  over  the  apex  and  sides  of  the  papilla. 
Ml  as  to  forin  a  hood-like  covering  or  cap  for  it.  The  cap 
I'f  epithelium  constitute.'*  the  enmnel  or-jan,  whilst  the 
papilla  is  theyoi-madrf  /.m//)  for  the  dentine  and  permanent 
pulp.  Whilst  these  changes  are  taking  place  in  the  epithe- 
lium and  the  connective  tissue  at  the  bottom  of  the  groove. 
no  commensurate  widening  occurs  at  its  upper  part,  which 
remains  for  a  time  relatively  narrow,  bat  retains  witbio  it 
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a  lurrow  Btriag  ot  epithelial  cells,  contiDiioos  on  the  one 
fawkl  with  the  epithelial  lining  of  the  mouth,  and  on  the 
other  with  the  enamel  organ.  This  epithelial  string  forma 
the  ntrJt  of  tKe  enamel  oryan.  After  a  time,  however,  the 
growth  of  the  connec- 
\  tive    tissae,    forming 

~  '■■  the  lips  of  the  primi- 
tive groove,  causes 
the  neck  of  the  ena- 
mel organ  to  atrophy, 
BO  that  all  cnmmnni- 
cation  between  the 
Fu.  iio^vn4iciiKc>LoiiUinsRhth(>iinmio  enamel  Organ  and  the 
tbespiitwuunnrniiiguitiiuiiiiii.  ihe  neck     eunerficial    epithelium 

Ofm.Ihccn>iT.tloiK>n;p.lh(dti.>.lp.pllU,  *^  „  , 

a.nikcpiLtaiiiiicanDeciivEtKlaB,  Miguiaod.  |g  cQt  off;  the  Con- 
nective tissne  on  the  opposite  lipa  of  tbe  groove  becomes 
continuous,  and  the  embrjro  tooth,  being  now  completely 
enclosed  in  a  cavity  or  sac,  formed  by  the  gelatinous  con- 
nective tissue  of  the  gum,  has  entered  on  what  Goodsir 
termed  its  tiuailar  stage  of  development. 

When  enclosed  in  its  sac  the  embryo  tooth,  though  per- 
fectly soft,  acijuires  a  shape,  which  enables  one  to  recognize 
to  what  group  of  teeth  it  belongs.  After  a  time  it  begins 
to  harden  and  to  exhibit  the  chaiacteristic  tooth  structure. 
The  dental  papilla  is  more  vascular  than  tiie  surrounding 
connective  tisane,  from  the  blood-vessels  of  which  its  vessels 
are  derived.  The  papilla  aboonda  in  cells  which  are,  in 
the  fint  instance,  rounded  and  ovoid  in  shape.  Changes 
than  take  place  in  the  cells  situated  at  its  periphery,  which 
beiSHne  elongated  and  branched,  and  form  layers  of 
cells,  which  Waldeyer  has  appropriately  named  odonto- 
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blasts.     Calcification  of  the  protoplasm  of  these  odonto- 
blasts then  occurs,  and  the  peripheral  layer  of  the  deotine 
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is  produced.  In  contact  with  the  inner  surface  of  tie 
thin  film  of  dentine,  a  second  layer  of  odontoblast  cell;  is 
thou  arranged,  which  in  its  turn  calcifies,  and  as  the  priv 
cess  goes  on  in  successive  layers  of  odonto-blasts,  iha 
entire  thickness  of  the  matrix  of  the  dentine  and  the  den- 
tiii;il  sheaths  are  produced.  It  is  owing  to  this  circum- 
stance that  the  dentine  may  exhibit  the  laminated  arrange 
mcnt  referred  to  an  p.  753.  But  the  process  of  calcices- 
tii.>n  does  not  ajiparently  take  place  throughout  the  whole 
thickness  of  the  protoplasm  of  the  odooto-blasts,  for,  ai 
AValdeyer  pointeil  out,  the  aiial  part  of  the  celb  remiio* 
undifi'erentiated,  as  the  soft  dentinal  fibrils  of  the  dentine 
tubes.  As  these  changes  are  going  on  in  the  peripheral 
layers  of  the  odonto-b lasts,  the  central  part  of  the  pa[-illi 
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increMes  in  qnftntdty,  apptrent);  1>7  a  prolifention  of  its 
gbIIb  ;  nerre  fibres  are  developed  in  it ;  it  does  not  nndergo 
caldficatioD,  and  peisista  as  the  pulp  of  the  tooth.  The 
papilla  of  the  tooth  has  eiBentiallf,  therefore,  the  same 
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relation  to  the  formation  of  dentine  that  the  cellulo-Taaculai 
contenta  of  the  mednllarf  epacea,  in  intra-cartjlaginoua 
oanfication,  have  to  the  formation  of  bone.  In  both  in- 
stancaa  the  hard  matrix  is  due  to  a  special  differentiation 
of  the  protoplasm  of  the  formative  cells;  the  dentinal  fibrib 
are  the  equivalent  atructnras  to  the  aoft  contenta  of  the 
lacuue  and  canaliculi,  and  the  peraistent  pulp  is  equiralent 
to  the  cellnlo- vascular  contents  of  the  Haversian  canaU. 

Prior  to  the  embryo  tooth  becoming  sacculated,  changes 
had  taken  place  in  the  enamel  organ.  Those  cells  of  the 
enamel  orgaa,  which  lie  next  the  dental  papilla,  are  con- 
tinuooa  through  the  neck  of  the  enamel  organ,  with  the 
deepest  layer  of  cells  of  the  oral  epithelium,  which  cells 
are  elongated  columns  set  perpendicularly  to  the  surface 
OD  which  they  rest.    Similarly  the  cells  of  the  deepest 


liv;r  if  lit  ecanir!  orzan  are  columns  set  perpendicularly 
:o  ihe  ^■l:^:i^.•e  li  the  deuial  f>a{*illft.  They  nnderi.-o  a 
jTfiTir  e'-.n-invD-  acd  fijmi  sis -sided  prismatic  ctl  is.  which 
K-,U;ker  Li;  cisiei  tie  i'-Ur^-il  or  oi^ir/W  f/..;/.r/,vm. 
T-T  L-rlJ  ..:  the  c'..;:  s'j;.-irdciil  laver  of  the  enamel  yr^-in 
l:r  11.  o.  c;jc;  >nia  the  ri^-iUr  cotinective  tissue,  nLi.h 


l-stwetn  its 


ecliyp  tooth,  Thsj-  form  the  trtTaal  n-^ 
i  etas^el  I'rcan.  ai.d  slender  papiUirr  pnJc-D- 
^  cvcce\'tive  tiijue  frequeotly  ptryevt  intp  thi* 
er.  The  cells  of  the  enamel  oivan,  situated 
eitenial  and  i*-s  internal  epithelinni,  betv  rce 
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Stellate^  And  fona  with  each  other  aa  anastomoeing  net- 
work of  cells  like  those  sometimee  seen  in  the  gelatinous 
coonectiye  tissue. 

After  the  tooth  has  become  sacculated,  and  coincident 
with  the  transformation  of  the  odonto-blaat  cells  of 
the  dental  papilla  into  dentine,  calcification  begins  in 
the  elongated  prismatic  ceUs  of  the  internal  or  enamel 
epithelium ;  their  protoplasm  becomes  calcified,  and  they 
become  the  rods  or  prisms  of  the  enameL  As  the  hardening 
takes  place  from  the  periphery  to  the  centre  of  each  cell, 
the  axial  portion  may,  as  Tomes  pointed  out^  remain  soft 
for  some  time  in  the  axis  of  the  enamel  rod.  With  the  in- 
crease in  length  and  with  the  calcification  of  the  cells  of  the 
enamel  epithelium,  the  stellate  gelatinous  cells  disappear, 
and  the  outer  ends  of  the  enamel  rods  come  in  contact  with 
the  cells  of  the  external  enamel  epithelium.  By  some 
observers  the  external  epithelium  is  supposed  to  disappear 
without  undergoing  any  special  differentiation,  but  by 
others  it  is  belieyed  to  undergo  conyersion  into  Nasmyth's 
membrane. 

In  this  manner  the  crown  of  a  tooth  is  formed,  and  it  is 
lodged  in  a  membranous  sac  formed  by  the  differentiation 
into  a  fibro-vascular  membrane  of  the  surrounding  connec- 
tive tissue.  Whilst  within  its  sac  the  crown  of  the  tooth 
poBsesses  the  characteristic  form  of  the  groupof  teeth  to 
which  it  belongs.  After  the  calcification  of  the  enamel 
rods  is  completed,  it  can  undergo  no  further  change  either 
in  shape,  or  in  increase  of  size. 

Whilst  the  crown  of  the  tooth  is  being  formed,  ossifica* 
tion  of  the  jaws  has  been  going  on,  and  the  tooth,  with  its 
membranous  sac,  has  become  lodged  in  an  alveolus  or 
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54.Kket  in  the  jaw,  which  alveolus  is  closed  in  by  the  gum. 
In  order  that  the  crown  of  the  tooth  may  come  into  use  as 
a  masticatory  oriran,  it  has  to  be  elevated  to  the  level  of 
ihe  gum.  which  is  absorbed  by  the  pressure,  and  the  crown 
then  enu'ts  into  the  cavity  of  the  mouth.  The  process  of 
tmption  is  due  to  the  development  of  the  fang,  which,  as 
ir  crows  in  leneth,  elevates  the  crown  of  the  tooth  and 
forces  it  outward.  The  dentine  of  the  fang  is  developed 
frvnu  the  o^iv>nto-blast  cells  of  the  pulp  in  a  manner  similar 
to  that  already  described  for  the  development  of  the  den- 
tine of  the  crv»wn.  The  cement  or  crusta  petrosa  is  de- 
vtloTvd  frv^m  the  connective  tissue  lining  the  alveolus, 
^  b:ch  forms  the  alveolo-dental  periosteum.  It  is  therefore 
an  cx*^i£vat:ou  in  membrane. 

As  the  temjx^rary  or  milk  teeth  precede  the  permanent 
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teeth,  their  j^apilla?  are  naturally  the  first  to  fonn.     Tie 
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series  of  milk-papilkB  are  not,  howeyer,  dmtdtaneoiislypro- 
daced.  From  the  observatioos  of  GoodBir,  it  has  been 
shown  that  the  milk-papiUa  of  the  anterior  mohir  in  the 
upper  jaw  appears  about  the  seyenth  week,  then  the  canine 
papilky  the  two  incisor  papills,  and  the  posterior  molar 
papilla  are  successively  formed,  the  last  making  its  appear- 
ance about  the  end  of  the  tenth  week.  The  dental  papill» 
in  the  upper  jaw  immediately  precede  the  papill»  of  the 
corresponding  teeth  in  the  lower  jaw. 

The  eruption  of  the  milk  teeth  into  the  mouth  does  not 
begin  to  take  place  until  the  latter  half  of  the  first  year  of 
extra-uterine  life,  and  is  not  completed  until  between  the 
second  and  third  year.  Though  variations  occur  in  the 
date  of  eruption  of  each  tooth  in  different  children,  it  may 
be  stated  that  the  incisors  usually  appear  from  the  seventh 
to  the  ninth  month;  the  anterior  molars  from  the  twelfth 
to  the  sixteenth  month ;  the  canines  during  the  seventeenth 
or  eighteenth  month;  the  posterior  milk  molars  from  two 
to  two  and  a  half  years.  The  milk  teeth  begin  to  be  shed 
about  the  sixth  year  by  the  dropping  out  of  the  indsors. 
The  last  to  be  shed  are  the  canines,  which  do  not  fall  out 
until  the  tenth  or  eleventh  year.  The  shedding  of  the 
milk  teeth  is  preceded  by  the  absorption  of  the  fangs. 
This  IB  effected,  as  was  satisfactorily  shown  by  J.  Tomes, 
by  the  agency  of  a  group  of  cells  situated  at  the  bottom  of 
the  sockets.  As  these  cells  occasion  absorption  of  the  tooth 
tissue,  similar  to  that  occurring  in  the  bone  tissue  from  the 
action  of  the  large,  many  nucleated  osteo-klast  cells  (p. 
172),  they  may  appropriately  be  called  odanto-kUuU, 

The  devehpmeni  of  thepemumeiU  teeih  will  now  be  con- 
sidered.   In  the  description  of  the  arrangement  of  the 
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temporary  teeth.  The  primitive  groove,  occupied  by  an 
iiivolution  of  the  epithelial  covering  of  the  gum,  is  pro 
longed  backwards.  Three  dental  papillae  successively 
appear  at  the  bottom  of  this  groove,  and  the  epithelium 
covering  each  papilla  forms  its  enamel  organ.  Legros  and 
Magitot,  however,  state  that  the  2nd  permanent  molar 
arises  in  connection  with  a  diverticulum  (cavity  of  reserve) 
proceeding  from  the  epithelial  string  of  the  enamel  organ 
of  the  1st  permanent  molar,  and  that  the  wisdom  tooth  is 
formed  in  connection  with  a  similar  diverticulum  from  the 
2nd  permanent  molar.  The  embryo  tooth  becomes  saccu- 
lated, and  goes  through  the  process  of  calcification  similar 
to  what  has  been  described  in  the  other  teeth. 

The  germ  of  the  1st  permanent  molar  appears  about  the 
sixteenth  week  of  embryo-life :  that  of  the  2nd  permanent 
molar  not  until  about  the  seventh  month  after  birth, 
whilst  that  of  the  wisdom  tooth  is  not  formed  until  about 
the  sixth  year.  The  crown  of  the  first  molar  is  the  first 
of  the  permanent  teeth  to  erupt  into  the  mouth,  which  it 
usually  does  in  the  sixth  year.  The  incisors  appear  when 
the  child  is  7  or  8 ;  the  bicuspids  when  it  is  9  or  10 ; 
the  canines  about  12 ;  the  second  molars  about  13;  and 
the  wisdom  teeth  from  17  to  25. 

In  his  dentition  man  is  diphyodont  as  regards  his 
incisors,  canine,  and  premolar  teeth;  but  monophyodont 
in  the  molar  series. 

From  the  description  of  the  development  of  the  teeth, 
it  will  have  been  seen  that  a  tooth  is  an  organ  compoBed 
of  three  hard  tissues,  enamel,  dentine  and  cement,  and  of 
the  soft  vascular  and  nervous  pulp.  These  tissues  are  not 
developed  from  one  layer  only  of  the  blastodenn.    Tbe 
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enamel  is  of  epiblaet  origin,  whilst  the  dentine,  cement, 
and  pulp  are  derived  from  the  mesoblast  A  tooth  in  its 
fundamental  development,  as  was  long  ago  pointed  out 
by  Qoodsir,  most  be  referred  to  the  same  dass  of  organs 
as  the  haiis  and  feathers.  The  enamel  of  the  tooth,  like 
the  hair,  is  produced  by  a  differentiation  of  the  involuted 
epithelium  of  the  epiblast,  whilst  the  dentine  and  pulp 
resemble  the  papilla  of  the  hair,  in  proceeding  from  the 
mesobList  The  toothnsac,  like  the  hair  follicle,  is  also  of 
mesoblast  origin.  Whether  the  cement,  as  Robin  and 
Magitot  have  described,  be  developed  by  means  of  a  special 
eemaU  crgan^  in  the  interior  of  the  tooth-sac,  or  is  formed, 
as  has  been  stated  in  this  description,  by  the  alveolo-dental 
periosteum,  it  is  derived  from  the  mesoblast.  As  to  the 
origin  of  Nasmyth's  membrane,  there  is  a  difference  of 
opinion ;  some  regard  it  as  a  special  cgmification  of  the 
external  cells  of  the  enamel  organ,  in  which  case  it  would 
be  from  the  epiblast;  whilst  others  consider  it  to  be 
continuous  with,  though  structurally  different  from, 
the  cement — ^homologous,  therefore,  with  the  layer  of 
cement,  which  in  the  horse,  ruminants,  and  some  other 
™^m"iala^  covers  the  surface  of  the  crowns  of  the  teeth. 
Ab  to  the  membrana  preformativa,  which  some  writers 
have  described  between  the  enamel  organ  and  the  dentine 
papilla,  and  others  between  the  enamel  and  the  enamel 
organ,  I  have  not  been  able  to  see  it  in  any  of  the  develop- 
ing teeth  which  I  have  examined :  I  therefore  agree  with 
C  8.  Tomes  in  believing  it  not  to  be  present 

The  tissues  of  a  tooth  have  not  all  the  same  importance 
in  the  structure  of  a  tooth.  The  dentine  is  apparently 
always  present^  but  the  enamel,  or  the  enamel  and  cement. 
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may  be  absent  in  the  teeth  of  some  animals.  For  ex- 
ample, the  tusks  of  the  elephant  and  narwhal,  and 
the  teeth  of  the  Edentata,  are  without  enamel,  and,  in 
the  Hodentia,  enamel  is  present  on  only  the  anterior  sur- 
face of  the  incisors.  But  though  the  enamel  is  not 
developed,  or  forms  only  an  imperfect  covering  for  the 
crowns  of  these  teeth,  yet  an  enamel  organ  is  formed  in 
the  embryo  jaws.  In  1872  I  described  a  structure 
homologous  with  the  enamel  organ  in  relation  with  each 
of  the  dental  papillae  in  the  lower  jaw  of  a  foetal  namhal; 
but  this  organ  did  not  exhibit  a  differentiation  into  the 
three  epithelial  layers,  such  as  occurs  in  those  teeth  in 
which  enamel  is  developed.  Since  then  C.  S  Tomes  has 
seen  an  enamel  organ  in  the  embryo  armadillo,  and  has 
also  pointed  out  that,  in  teeth  generally,  enamel  organs 
exist,  quite  irrespective  of  whether  enamel  subsequently 
does  or  does  not  form. 

But  further,  the  involution  of  the  oral  epithelium,  and 
the  coincident  formation  of  a  primitive  groove,  take 
place  not  only  where  the  teeth  subsequently  arise,  but 
along  the  whole  curvature  of  the  future  jaws ;  whilst  the 
production  of  dental  papillaB  is  restricted  to  the  spots 
where  the  teeth  are  formed.  Hence  I  am  disposed  to 
consider  the  inflection  of  the  oral  epithelium  as  not  so 
essential  to  ^  the  development  of  a  tooth,  as  the  formation 
of  a  papiUa.  The  inflected  epithelium  marks  only  a  pre- 
limiuary  stage,  and  it  may  or  may  not  be  transformed  into 
tooth  structure.  But  that  which  is  essential  to  the  forma- 
tion of  a  tooth  is  the  production  of  the  papilla  which 
appears  at  the  bottom  of  the  primitive  groove. 
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dxvelopmzmt  07  the  diok8tivb  and  rssfiratort 

Systems. 

The  Digestive  and  Respiratory  Systems  are  for  the  most  part 
deTeloped  from  the  mesoblast  and  hypoblast  layers  of  the  blas- 
toderm, the  epiblast  having  but  a  limited  share  in  their  forma- 
tioo. 

When  the  differentiation  of  the  blastoderm  into  three  layers  has 
taken  place,  its  deepest  or  hypoblast  layer  lies  in  contact  with  the 
yolk,  and  is  in  the  conrse  of  time  prolonged  over  it  to  form  the 
epithelial  layer  of  the  wall  of  the  umbilical  vesicle.  As  the  axial 
part  of  the  body  of  the  embryo  rises  up  from  the  surface  of  the 
yolk  (through  the  occurrence  of  those  changes  in  the  epiblast  and 
mesoblast  which  lead  to  the  formation  of  the  nervous  axis,  the 
chorda  dorsalis,  and  the  protovertebrsB  (p.  211),  a  fold  takes  place 
at  both  the  cephalic  and  caudal  ends  of  the  embryo.  At  the  same 
time  the  hypoblast,  both  anteriorly  and  posteriorly,  becomes  folded 
■o  ss  to  form  the  anterior  and  posterior  ends  of  a  tube,  whilst  the 
intermediate  part  of  the  hypoblast  continues  to  invest  the  yolk  as 
the  wall  of  the  wmbilieal  vesicle.  The  hypoblast  tube,  owing  to 
the  folding  at  its  anterior  and  posterior  ends,  forms,  in  front  and 
behind,  a  cul-de-sac;  but  its  intermediate  part  relatively  has  the 
form  of  a  wide  furrow,  and  communicates  freely  with  the  yolk  sac. 
Subsequently,  as  the  hypoblast  assumes  the  tubular  shape,  in  the 
intermediate  part  likewise  the  communication  becomes  constricted, 
and  forms  the  omphalo-meserUeric  duct.  The  tube  in  its  whole 
length  is  the  Primitive  Alimentary  Canal, 

At  the  same  time  important  changes  are  going  on  in  the  meso- 
blast on  each  side  of  the  protovertebne.  It  splits  into  two  layers, 
one  of  which,  named  the  somato-pUure  layer,  adheres  to  the  epi- 
blast, and  forms  with  it  the  ventral  wall  of  the  body  of  the  young 
embryo ;  for  as  it  increases  in  sise  it  grows  towards  the  ventr.il 
surface  of  the  body,  and  encloses  the  future  thoracic  and  abdominal 
cavities.  At  the  umbilicus,  however,  an  opening  remains  in  the 
mesial  ventral  line,  which  permits  the  structures  constituting  the 
umbilical  cord,  to  pass  out  to  the  placenta.  The  other  layer  of 
the  mesoblast,  named  the  splanehnihpleure  layer,  adheres  to  the 
hypoblast,  and  along  with  it  forms  the  primitive  alimentary  canal* 
and  the  several  viscera  which  are  developed  as  diverticular  offshoota 
from  that  canaL  Owing  to  the  extension  of  the  somato-pleure, 
with  its  caticolar  covering  of  epiblast,  to  the  ventral  mesial  line  of 
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a  o  the  formation  of  lhe» 
d  ll  nnt  divisions  of  the  alimen- 
nal,  the  cells  of  the  hrpv 
b  are  transformed  iiilo  the  rpi- 
h  u  situated  on  the  siirf»>-e  of 
oa  membraoe,  whilst  ii.t 
■n  tiRSues,  the  vascular  and  nervous  !=tnii:luris 
iu  th*  wall  of  the  several  divisiotis  of  the  canal,  are  dilTrreotiateJ 
oui  the  celts  of  the  itiesoblast. 

Tlie  jtrimithv  ph-irimt  is  the  most  anterior  part  of  the  primi. 
live  alimentary  canal,  anil  is  enclosed  by  the  visceral  and  vascnlar 
ar,li,'3  in  the  head  of  the  embr>-o.  As  the  pharynx  lies  in  the 
■'luhrj-o  head,  the  splitting  of  the  mesoblist  into  the  two  definite 
lajers  of  somato-pleure  and  splanchno  pleare,  is  not  seen  in  con- 
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nection  with  it,  but  Uiat  |>art  of  the  meaoblast,  which  differentiates 
into  the  mnscnlar  coat,  and  into  the  several  layers  of  connective 
tiasae  entering  into  the  formation  of  the  pharyngeal  wall,  is  con- 
tinnoQS  with  the  splanchno-plenre  layer  belonging  to  the  other 
diyiaions  of  the  alimentary  canal.  Its  anterior  end  is  closed,  and 
has  at  first  no  communication  with  the  mouth,  which  is  not 
developed  fnm  the  primitive  alimentaiy  canal. 

The  maiUh  is  formed  on  the  facial  aspect  of  the  early  embryo, 
by  an  involution  of  the  epiblast  and  of  the  immediately  subjacent 
mesoblast,  so  as  to  form  a  pit,  or  depression,  situated  between  the 
superior  maxillary  plates  and  the  mandibular  or  first  pair  of  vis- 
ceral arches.  This  pit  deepens,  and  widens  into  the  buccal  cavity. 
At  first  it  freely  communicates  with  the  embryo  nasal  chamber, 
but  is  subsequently  cut  off  from  it  by  the  formation  of  the  hard 
palate,  though  the  anterior  palatine  foramina,  which  in  many 
animals  remain  patent,  keep  up  the  original  communication  be- 
tween the  oral  and  nasal  chambers.  The  lining  epithelium  of  the 
mouth  is  therefore  of  epiblast  origin,  and  is  continuous  with  the 
epiblast  cuticle  at  the  margins  of  the  lips  (fig.  208).  An  aperture 
of  communication  is  formed  in  the  course  of  time  between  the 
mouth  and  pharynx,  so  that  they  become  continuous  with  each 
other,  the  communication  being  established  at  the  fauces  or  pha- 
ryngo-oral  aperture. 

The  oB$ophagu8  is  the  part  of  the  primitive  canal  which  imme- 
diately succeeds  the  primitive  pharynx,  and  when  the  formation  of 
the  visceral  chambers  is  completed,  it  lies  successively  in  the  neck, 
thorax,  and  abdomen. 

The  domach  is  at  first  a  straight,  and  but  little  dilated  part 
of  the  canal,  lying  vertically  in  the  visceral  chamber,  and  con- 
nected to  the  ventral  surface  of  the  spinal  column  by  a  fold 
of  the  mesoblast,  named  the  mesoffodrium.  As  the  stomach 
dilates  and  assumes  its  curvatures,  it  turns  over  on  its  right  side, 
so  that  the  original  left  surface  becomes  anterior,  and  the  right 
surface  posterior.  This  change  in  position  explains  why  the  left 
vagus  supplies  the  anterior  wall  of  the  stomach,  and  the  right 
vagus  the  posterior  walL  The  mesogastrium  becomes  the  great 
omentum. 

The  duodoiUM  is  the  last  part  of  the  alimentary  canal  deve- 
loped from  the  fore-gut.  It  also  loses  its  straight  direction,  and 
forms  a  horse-shoe  curve. 

The  J^num  and  ileum  are  at  first  a  simple  loop  of  the 
primitive  middle  gut,  which  is  connected  to  the  ventral  surface  of 
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la  the  wall  of  the  alimentaiy  canal  are  developed  numben  of  race- 
moM  glands,  of  tubalar  gastric  glands,  and  of  tabular  Lieberklih- 
niao  glands.  The  epithelial  cells  lining  the  dacts  of  the  mucou3 
and  salivary  glands  opening  into  the  mouth  are  involutions  of  its 
lining  epiblast  epithelium,  and  the  secreting  cells  within  the 
gland  vesicles  are  probably  derived  from  the  same  layer,  whilst  the 
connective  tissne,  vessels,  and  nerves  of  these  glands  are  developed 
from  the  mesoblast. 

The  epithelium  of  all  the  tubular  glands  situated  in  the  wall  of 
the  stomach  and  intestine  is  of  hypoblast  origin.  The  epithelial 
lining  of  the  ducts  of  Brunner*s  glands,  and  of  the  raceinose  glands 
in  the  wall  of  the  pharynx  and  oesophagns,  is  derived  from  the 
hypoblast,  bat  there  is  a  question  how  far  the  secreting  cells  within 
the  gland  vesicles  are  of  hypoblast  or  of  mesoblast  origin.  The 
lymphoid  follicles  and  lymphatic  glands  are  developed  from  the 
mesoblast. 

The  Pancreas  is  developed  along  with  the  spleen  from  a  clump  of 
mesoblast  situated  in  connection  with  the  wall  of  the  duodenum.  A 
diverticulum  of  the  hypoblast  lining  of  the  duodenum  grows  into  it, 
which  gives  rise  to  the  epithelial  lining  of  the  pancreatic  duct ;  but 
as  to  the  cellular  contents  of  its  gland  vesicles,  as  well  as  those  of 
Bmsner's  glands,  it  is  not  yet  determined  whether  they  are  derived 
from  mesoblast  or  hypoblast. 

The  Liver  arises  from  one  or  two  masses  of  mesoblast  situated  in 
connection  with  the  wall  of  the  dnodeuum.  A  diverticulum  from 
the  hypoblast  lining  of  the  duodenum  is  prolonged  into  it,  which 
branchc:}  and  forms  the  epithelial  lining  of  the  bile  ducts  and  gall 
bladder.  Columns  of  cells  then  arise  in  the  embryonic  organs, 
which  come  into  relation  with  the  branched  divisions  of  the  diver- 
ticulum from  the  hypoblast.  These  columns  form  the  secreting 
cells  of  the  liver,  but  there  is  a  difference  of  opinion  as  to  whether 
they  are  produced  from  the  mesoblast  cells,  or  from  the  hypoblast 
diveiticala.  The  vessels,  nerves,  and  connective  tissue,  both  of  the 
liver  and  pancreas,  are  produced  by  differentiation  of  their  meso- 
blast  oella. 

The  Organs  of  Respiration  are  developed  in  connection  with  the 
wall  of  the  primitive  alimentary  canal. 

The  Lungs  arise  as  two  bud-like  projections  in  the  wall  of  the 
primitive  fore  gut,  in  the  region  of  the  primordial  heart  and  liver. 
These  buds  are  hollow,  and  consist  of  collections  of  mesoblast  ceUs, 
into  which  a  diverticulum  of  the  hypoblast  lining  of  the  fore  got 
is  prolonged.  Growth  and  thickening  of  the  anterior  or  ventral  wall 
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CHAPTER  XL 


URINARY  SYSTEM. 


Thb  Urinaiy  Organs  are  for  the  purpose  of  separating 
from  the  blood,  and  conveying  out  of  the  body,  certain 
materials,  such  as  urea  and  nric  add,  formed  by  the 
oxidation  within  the  body  of  its  nitrogenous  constituents. 
These  materials  are  dissolved,  along  with  various  salts,  in 
a  large  proportional  quantity  of  water,  and  the  solution 
constitutes  the  Urine.  The  secretion  is  formed  in  a  pair 
of  glands,  the  Kidneys.  The  excretory  apparatus  for 
conTe3ring  it  from  the  kidneys  to  the  surface  of  the  body, 
consists  of  a  duct  from  each  kidney,  the  Ureter ;  of  a 
reservoir,  the  Urinary  Bladder,  into  which  these  ducts 
open ;  and  of  a  single  duct,  the  Urethra,  leading  from  the 
bladder  and  opening  on  the  surface  of  the  body. 

The  EmKSYs. 

The  kidneys  are  two  in  number,  and  are  placed  in 
relation  to  the  posterior  wall  of  the  abdominal  cavity,  one 
on  each  side  of  the  mesial  plane.  They  are  situated  in 
the  right  and  left  lumbar  regions,  and  reach,  from  about 


of  the  u['[ier  border  of  the  12th  dorsal  vertebra, 
lis  10   the    level    of   the    3rd  luiubar.     Luseuki 


st^ttes    that  they  may  reach  aa   higb  ss   the  level  of  the 
mi J.|]e  of  the  1 1th  doreal  vertebra.     As  a  rale,  the  left 
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kidney  is  a  little  higher  than  the  right.  The  hilus  of  the 
kidney  is  opposite  the  Ist  lumbar  vertebra.  The  kidneys 
lie  behind  the  peritoneum,  and  are  surrounded  by  a  mass 
of  fat  and  loose  areolar  tissue. 

Each  kidney  is  about  4  inches  long,  2  to  3  inches 
wide,  and  from  1  to  1|  inch  in  thickness.  The  average 
weight  is  between  4  and  5  oz. 

The  shape  of  the  kidney  is  characteristic.  It  possesses 
two  surfaces,  two  borders,  and  two  extremities.  The 
anterior  imfo/oe  Ib  convex,  and  looks  forwards  and  out- 
wards ;  on  the  right  side  it  is  in  relation  to  the  duodenum 
and  ascending  colon,  on  the  left  side  to  the  descending 
colon.  The  potterior  surface  is  flattened,  and  rests  on  the 
eras  of  the  diaphragm,  and  on  the  fascia  covering  the 
quadratus  lumborum  and  psoas  muscles :  on  a  plane  still 
more  posterior  to  the  upper  part  of  this  surface,  are 
portions  of  the  11th  and  12th  ribs.  The  outer  border  is 
convex,  and  directed  towards  the  postero-lateral  wall  of  the 
abdomen*  The  inner  border  is  concave,  and  directed  for* 
wards  towards  the  spine :  the  deep  fissure  in  this  border 
is  called  the  hilui,  and  allows  of  the  passage  of  the  vessels, 
nerves,  and  ureter  into  or  out  of  the  kidney.  The  upper 
extremity  is  thicker  and  more  rounded  than  the  lower, 
and  has  the  supra-renal  capsule  in  relation  with  it  The 
upper  end  of  the  right  kidney,  and  the  immediately 
adjacent  part  of  the  anterior  surface,  are  in  relation  to 
the  liver ;  the  cortesponding  parts  of  the  left  kidney  are 
in  relation  to  the  spleen.  The  lower  extremity  is  smaller 
and  thinner  than  the  upper,  and  does  not  reach  so  low  as 
the  level  of  the  crest  of  the  ileum. 

In  rare  cases  one  kidney  has  been  known  to  be  con- 
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genital  ly  absent  Occasionally  the  upper  ends  of  the  two 
kidneys  have  been  seen  to  be  united  together  by  an  inter- 
mediate portion  of  kidney  substance,  situated  in  front  of 
the  abdominal  aorta,  when  the  conjoined  organs  formed 
a  horse:shoe-shaped  kidney. 


Sti'vcture  of  the  Kidney. 

The  kidney,  though  situated  in  the  abdomen,  does  net 
posse>s  a  serous  coat  In  rare  instances,  however,  the  peri- 
toneum has  been  seen  to  invest  it  more  or  less  completely, 
and  in  these  causes  the  kidney  was  not  a  fixed,  but  a 
movable  organ,  known  as  dkfloatiitg  kidney. 

The  }>n>per  oxit  of  the  kidney  is  a  fibrous  membrane 
completely  investing  the  organ.  It  can  be  readily  stripped 
off  the  surface,  and  in  doing  so  very  delicate  procej>ses  of 
connective  tissue  may  be  seen  passing  from  its  deep  sur- 
face into  the  substance  of  the  kidney.  It  is  also  continu- 
ous at  the  hilus  with  the  sheaths  of  the  various  structures, 
which  enter  the  gland.  The  inner  layer  of  the  proper 
coat  contains  a  wide -meshed  network  of  non-striped  mus- 
cular  libres.  When  the  fibrous  coat  is  stripped  off,  the 
surface  of  the  kidney  is  seen  to  be  quite  smooth,  and  of  a 
brownish-red  colour.  In  infants  and  children  it  is  m»t 
unfrequent  to  find  fissures  extending  for  some  distance 
into  the  substance  of  the  kidney,  a  condition  which  indi- 
cates the  lobular  construction  of  the  gland.  In  some  mam- 
mals, as  the  ox,  the  bear,  the  cetacea,  the  lobules  can  be 
readily  separated  from  each  other,  and  the  organ  is  divided 
into  numerous  independent  renules ;  but  in  the   human 
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kidney,  that  of  the  sheep,  and  of  mft-mmiiU  geiierally,  the 
lobolee  become  fused  together  into  a  single  organ. 

To  obtain  a  knowledge  of  the  etmcture  of  the  gland,  it 
will  be  necessary  to  make  longitudinal  sections  through 
the  organ  from  the  convex  border  to  the  hilus.  When 
tbia  ie  done,  the  ureter  vill  be  seen  to  enter  the  kidney  at 
the  hilus,  and  to  dilate  into  a  wide  pelvia,  which  diridee, 
either  directly  or  indirectly,  into  Beverol  short,  trnncated 


Fia.  tit.— A  toncltniUu]  Kdlon  Uinigftli  Iba  kldacy.  C.  C,  C.  Ul<  COIllci]  nb< 
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branches,  the  aUieet,  or  infundAula.  The  subetance  of 
the  kidney  itself  consists  obvionsly  of  two  parla,  an  ex- 
ternal highly  TBScular  part  forming  the  surface  of  the 
kidney,  and  named  the  cortieal  portion ;  and  an  internal 
or  c«Dtnl  put,  next  the   calicea   and  pelvis,  named  the 
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vwduUary  port  I'm.  As  prolongations  of  the  cortex,  named 
the  coluvuis  of  Bfrtin^  dip  into  the  medullary  part,  they 
divide  the  latter  into  from  ten  to  eighteen  distinct  masses, 
each  possessing  a  pyramidal  form ;  they  are  named  the 
mahiUari/  jtf/ramids,  or  pyramuh  of  Malp'tghi.  The  base 
and  sides  of  each  of  these  pyramids  are  directed  to,  and 
bounded  by  the  cortex  :  the  apex  forms  a  pnj/iiia,  which 
projects  into  one  of  the  calices,  produced  by  the  branching 
of  the  pelvis  of  the  ureter.  Each  of  these  pyramids,  with 
the  cortical  substance  in  immediate  relation  to  it,  form* 
one  of  the  primary  lobules  of  the  kidney,  and  is  homolo- 
gous therefore  with  one  of  the  renules  of  the  ox's  kidney. 

If  the  surface  of  a  section  through  one  of  these  pyramids 
be  examined  with  a  pocket  lens,  it  will  be  seen  to  pt>ssej>s 
a  striated  ap[>earance,  and  the  stria?  radiate  from  the 
ixipillary  apex  to  the  base  of  the  pyramid.  These  stria' 
indicate  that  the  pyramid  is  principally  composed  of  tubes, 
the  iuhidi  nriuifcrl.  The  urinary  tubules  commence  at  the 
papilla,  on  the  surface  of  which  the  openings  of  about 
twenty  of  tliese  tubes  may  be  seen.  The  kidney  is  there- 
fore a  tubular  gland. 

In  order  to  trace  out  the  arrangement  of  the  tubes,  it 
will  be  necessary  to  examine  thin  sections  with  higher 
powers  of  the  microscope.  If  we  start  with  a  tubide, 
where  it  opens  on  the  surface  of  a  papilla,  as  the  docins 
/)ajfdians,  and  trace  it  into  a  medullary  pyramid,  we  find 
that  in  its  course  it  bifurcates  repeatedly  at  acut«  angles 
into  smaller  branches,  which  slightly  diverge  from  each 
other,  and  ultimately  reach  the  base  of  the  pyramid. 
These  branching  tubes  are  called  the  straight  or  colUrtino 
tubes  ;    they  then   enter  the  cortex  in  bundles,  which  are 


KIDNEY. 


785 


&^ 


named  the  medullary  rays,  or  the  pyramids  of  Ferrein, 
In  the  cortex  the  tubes  extend  towards  the  surface  of  the 
kidney  preserving  their 
straight  course,  when 
thej  again  branch,  and 
the  bra  aches,  which  are 
at  first  dilated  and 
tortuous,  are  named  the 
ifUennediary  or  junc- 
tional tubes.  Each 
intermediary  tube  then 
diminishes  in  calibre, 
and  descends  for  a  vari- 
able distance  into  the 
medullary  pyramid, 
where  it  turns  on 
itself,  forms  a  loop, 
known  as  the  looped 
tube  of  Henle,  and  re- 
enters the  cortex  as 
the  ascending  limb  of 
the  looped  tube.  In 
the  cortex  the  ascend- 
ing tube  becomes  con- 
tinuous with  a  dilated 


Fio.  MO. — Scheme  of  the  UTuiKement  of  the 
Ui  Inary  tubiilra.  p,  thr  ductus  pAplUarb 
«,  the  branchlnjc  stralfrht  tubes;  i,  <,  in- 
termedlarjr  tubes;  (,  /,  loopt^d  tubee  with 
ascending  and  descendluK  limbs ;  c,  <*,  con- 
voluted tubes  ending  In  Bowman's  ciipeiUee; 
«.  r,  vss  afferens  and  effcrens.— From 
Lndwlg. 


and  very  tortuous  tube, 
which  opens,  as  was  clearly  shown  by  Bowman,  into  a  dilated 
and  closed  sac,  named  Bowman's  capsule.  The  junction 
of  this  capsule  with  the  tortuous  tube  is  marked  by  a 
constricted  neck,  and  the  tortuous  tube  is  called  the  con- 
voluted tube. 
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The  convoluted  tubes  and  Bowman's  capsules  occur  only 
in  the  cortex  of  the  kidney;  and  they,  with  their  contents, 
are  the  characteristic  structures  seen  in  it  on  microscopic 
examination.  Strictly  sj>eaking,  Bowman's  capsule  is  the 
dilated  commencement  of  a  urinary  tubule,  which  possesses 
the  loiij^  aud  complicated  course  described  as  the  con- 
voluted, looped,  intermediary  and  straight  tubules,  before 
it  opeus  on  the  surface  of  the  papilla  at  the  ductus  papil- 
laris. The  cortex  of  the  kidney  contains  many  thousands 
of  B<^>wman*s  cai>sules.  The  intermediary  tubes  are  also 
found  only  in  the  cortex.  The  looped  and  straight  tubes 
oi^'cur  both  in  the  cortex  and  in  the  medullary  pyramids. 
The  diameter  of  the  several  kinds  of  tubes  is  not  uniform. 
The  straight  tubes  within  the  papilla  are  from  tj-}i7^^  ^^ 
^l^th  of  an  inch,  that  of  their  branches  ^-Juth,  which  is 
also  about  the  diameter  of  the  convoluted  tubes.  The 
looped  tubes  are  considerably  smaller,  and  the  limb,  which 
descends  from  the  intermediary  tube  into  the  medullary 
pyramid,  is  wider  than  that  which  ascends  from  the  pyra- 
mid to  the  convoluted  tube.  Bo\^Tnan's  capsules  vary  in 
diameter  from  j-^^th  to  -^^  each. 

The  wall  of  each  tube  is  formed  of  a  delicate  membrane, 
or  tunica  propria.  Generally  speaking,  the  membrane  is 
extremely  thin  and  homogenous,  with  occasional  nuclei, 
but  Frey  states  that  in  the  looped  and  convoluted  tubes  it 
is  thicker  than  in  the  straight  tubes ;  and  in  the  ductus 
papillaris,  the  tunica  propria  is  said  to  be  absent  The 
tubes  are  lined  by  an  epithelium,  which  varies  in  its 
character  in  different  localities.  In  the  ductus  papillaris 
the  epithelium  consists  of  low  columns.  In  the  straight 
tubes  it  is  much  more  distinctly  columnar.     In  the  inter- 
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mediary  and  conyolnted  tabea,  it  consists  of  a  clouded 
mass  of  nucleated  protoplasm,  which  presents  a  very  im- 
perfect differentiation  into  individoal  cells ;  this  mass  so 
fills  np  the  tube  as  to  leave  a  veiy  small  lumen.  In  the 
looped  tubes  the  epithelium  is  flattened,  and  with  distinct 
oToid  nuclei,  which  project  towards  the  lumen  of  the  tube; 
but  from  the  observations  of  W.  Pye,  cubical  epithelium 
occurs  in  the  wider  parts  of  the  looped  tube,  and  where 
the  tube  joins  the  intermediary  tube,  the  cells  are  more 
elongated,  and  the  lumen  of  the  tube  is  diminished. 

The  intervals  between  the  tubes  both  in  the  meduUary 
and  cortical  parts  of  the  kidney,  are  occupied  by  connec- 
tive tissue  and  blood-vessels.  The  connective  tissue  stroma 
within  the  kidney  was  first  described  by  Bowman  and 
Ooodsir.  In  the  medullary  region  this  tissue  is  distinctly 
fibrillated,  but  in  the  cortex  the  fibrillated  tissue  is  very 
sparing,  and  the  connective  tissue  stroma  of  the  gland 
consists  essentially,  as  Arnold  Beer  pointed  out,  of  spindle- 
shaped  and  stellate  corpuscles. 

The  blood-vessels  of  the  kidney  consist  of  the  renal 
artery  and  renal  vein,  with  their  capillaries. 

The  renal  artery  arises  from  the  side  of  the  abdominal 
aorta,  and  runs  transversely  outwards  to  the  hilus  of  the 
kidney,  where  it  divides  into  several  branches  before 
entering  the  gland.  Sometimes  two,  or  even  three,  renal 
arteries  arise  independently  from  each  side  of  the  aorta. 
The  branches  of  the  renal  artery  enter  the  hilus  between 
the  calices  of  the  ureter ;  they  penetrate  and  divide  into 
smaller  branches  within  the  columns  of  Bertin,  or  pro* 
longations  of  cortical  substance  that  lie  between  the  sides 
of  the  medullary  pyramids.     When  they  reach  the  level  of 
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branches  to  ita  fibrous  coat  Each  vas  afferena,  invested 
hj  ita  sheath  of  coonectire  tissDe,  passes  to  a  Bowman's 
cftpenle  in  its  ininiediat«  neighbourhood,  the  wall  of 
which  it  appears  to  perforate  at  one  pole.  It  divides 
in  the  capsule  into  from  fonr  to  eight  branches,  which 
subdivide  into  capillaries,  and  form  a  vascular  tuft  or 
gUmervliu,  called  the  Malpighian  tv/t,  situated  opposite 
to  the  joDction  of  the  capsule  with  the  urinary  tubule. 
From  the  capillaries  of  the  tuft  a  vessel  arises,  which 
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piwiM  out  of  Bowman's  capsule  as  the  mm  ejrrent.  It 
UBually  emerges  quite  close  to  the  vas  afferens,  but  at  once 
diverges  from  it,  and  after  a  short  course  ends  in  a  net- 
work of  capillaries,  distributed  between  and  around  the 
coDTohilfld  tubules  (fig.  222). 
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The  wall  of  Bowman's  capsule  is  extremely  thin,  and 
according  to  Ludwig  consists  of  a  layer  of  flattened  cells, 
on  the  outer  surface  of  which  is  a  little  connective  tissua 
These  cells  form  the  lining  epithelium  of  the  capsule. 
The  glomerulus  occupies  the  interior  of  the  capsule,  but  is 
not  adherent  to  its  wall.  By  most  observers  it  is  believed 
tbnt  the  epithelial  lining  of  the  capsule  is  reflected  on  the 
surface  of  the  glomerulus,  to  form  a  covering  for  it,  con- 
sisting of  granulated  cells,  smaller  and  somewhat  thicker 
than  those  of  the  epithelial  lining  of  the  capsule.  Bj 
other  observers  again,  the  demonstration  of  the  cellular 
coverini^r  of  the  i^lomerulus  is  not  considered  to  have  been 
sati>factorily  established.  From  the  observations  of  Seng 
and  of  Walter  Pye,  not  only  the  entire  glomerulus,  but  the 
several  subdivisions  of  the  tuft,  are  in  the  foetal  kidney 
invested  by  epithelial  cells.  As  Bowman's  capsule  is  pn>- 
diieed  by  a  folding  of  the  wall  of  the  fostal  tubule  over 
the  glomerulus,  the  cells  which  cover  the  tuft  are  the  epi- 
thelium of  the  fa^tal  urinary  tubule. 

The  capillaries,  which  lie  in  the  stroma  between  the 
convoluted  tubules,  form  a  network  around  these  tubules, 
which  joins  the  capillary  network  around  the  straight 
tubules  of  the  medullary  raj's,  so  that  the  capillaries 
form  a  continuous  plexus  throughout  the  cortex.  Ac- 
cording to  Ludwig,  lacuniform  spaces,  often  filled  with 
fluid,  intervene  between  the  wall  of  the  capillaries  and 
that  of  the  urinary  tubes.  Minute  veins  arise  from  this 
capillary  plexus.  Those  that  arise  from  the  capillaries 
surrounding  the  tubules  at  the  free  surface  of  the  cortex, 

v.- 

are    armnged   in   a   star-like  manner,  and  form  the  inur 
stellatiPf  which  also  receive  small  veins  from  the  fibrous 
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coat  The  stellate  veins  give  origin  to  larger  veins,  which 
pass  through  the  cortex  towards  the  medulla,  along  with  the 
interlobular  arteries,  and  receive  in  their  course  numerous 
small  veins  from  the  cortical  capillary  plexus.  They  unite 
near  the  bases  of  the  medullary  pyramids  into  larger  veins, 
which  form  venous  arcades  (fig.  221). 

But  the  renal  artery  also  gives  branches  to  the  medul- 
lary pyramids  of  the  kidney,  and  perforating  branches, 
which  pierce  the  fibrous  coat,  and  anastomose  in  the  sur- 
rounding fat  with  the  extra-peritoneal  system  of  arteries 
(p.  433).  The  branches  to  the  pyramids  are  named  arterias 
rectce,  and  in  part  arise  directly  from  the  branches  of  the 
renal  artery,  situated  near  the  sides  and  bases  of  the  pyra- 
mids, and  in  part  consist  of  vasa  efferentia,  proceeding 
from  those  glomeruli  in  the  cortex,  which  lie  close  to  the 
medulla.  In  the  pyramids  the  arterias  rect»  divide  into 
capillaries,  which  form  a  plexus  in  the  stroma  and  surround 
the  straight  and  the  looped  tubes.  To  some  extent,  there- 
fore, but  not  altogether,  the  circulation  of  blood  to  the 
medullary  pyramids  is  independent  of  that  in  the  cortex. 
Veins  called  venulw  redce  correspond  to  the  arterise  rectas, 
and  run  from  the  apex  to  the  base  of  a  pyramid,  where 
they  end  in  the  larger  veins  of  the  cortex.  These  join  to 
form  the  venous  trunks,  which  accompany  the  arteries  in  the 
columns  of  Bertin  to  the  hilus,  where  they  unite  to  form 
the  renal  vein,  which  lies  in  front  of  the  artery,  and  opens 
into  the  inferior  cava. 

Lymphatic  vessels  emerge  from  the  hilus  of  the  kidney 
and  from  its  fibrous  coat  The  superficial  lymphatics 
arise,  according  to  Ludwig,  from  lymph-spaces,  situated 
between  the  convoluted  tubns  of  the  cortex.     The  origin 
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of  the  deeper  lymphatics  is  not  known.     Nerves  aceom 
pany  the  blood-vessels  into  the  kidney  :  they  arise  from 
the  renal  plexus  of  the  sympathetic  nerve,  which  is  joined 
by  the  smallest  splanchnic  nerve. 


THE  URETERS. 

Tlie  Ureters  are  two  tubular  ducts,  which  convev  the 
urine  from  the  kidneys  to  the  bladder.  Each  ureter 
arises  at  the  hilus  of  its  kidney  from  the  dilated  pelvis 
formed  by  the  junction  of  the  calices.  The  ureter  i> 
about  fifteen  inches  long,  and  descends  behind  the  peri- 
toneum covering  the  posterior  wall  of  the  abdomen  into 
the  pelvis,  where  it  runs  forward  to  reach  the  base  of  the 
bladder,  the  wall  of  which  it  pierces  obliquely  before 
opening  into  its  cavity  by  a  slit-like  orifice  (fig.  218). 

JStrurture. — The  ureter  possesses  several  coats.  The  ex- 
ternal is  a  tunica  adventitia  formed  of  connective  tissue : 
within  this  is  a  muscular  coat  of  non-striped  fibre  arranged 
in  three  layers,  of  which  the  internal  and  external  layers  are 
longitudinal,  and  the  middle  layer  is  circular.  The  internal 
coat  is  a  mucous  membrane,  and  between  it  and  the  mus- 
cular coat  is  the  submucous  coat.  The  epithelium  cover- 
ing the  mucous  coat  resembles  that  of  the  bladder  to  he 
immediately  described.  Where  the  calices  embrace  the 
papillary  apices  of  the  medullary  pyramids  of  the  kidney, 
the  tunica  adventitia  of  the  cortex  is  contiQuous  with  the 
adjacent  fibrous  coat  of  the  kidney,  and  the  mucous  lining 
is  prolonged  upon  the  surface  of  the  papilla.  The  longi- 
tudinal muscular  fibres  disappear  near  the  attached  border 
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of  the  calyx,  but  the  drcolar  fibres  have  been  described 
by  Henle  as  forming  a  circular  muscle  around  the  papilla, 
where  the  mucous  membrane  is  reflected  on  it 

The  coats  of  the  ureter  receive  blood  through  small 
branches  of  the  renal,  spermatic,  and  inferior  yesical  arte- 
ries. Nerves  from  the  spermatic  and  hypogastric  plexuses 
also  pass  to  them. 

URINARY.  BLADDER. 

The  Urinary  Bladder  is  the  reservoir  in  which  the  urine 
ooUects  prior  to  being  expelled  along  the  urethra.  It 
varies  in  size,  shape,  and  consequently  in  position,  with 
the  amount  of  urine  it  contains.  When  quite  empty  it 
liee  in  the  cavity  of  the  pelvis,  behind  and  above  the  pubic 
bones  and  symphysis.  When  moderately  full  it  rises 
slightly  above  the  pubic  symphysis  into  the  hypogastrium, 
and,  as  its  distension  increases,  it  ascends  still  higher  into 
this  region.  The  empty  bladder  is  flattened  in  form ; 
when  moderately  full  it  is  rounded ;  when  much  distended 
it  is  ovoid,  and  its  longest  axis  is  directed  from  above, 
downwards  and  backwards. 

The  following  parts  may  be  recognized  in  a  well-dis- 
tended bladder,  a  base,  on  apex,  an  anterior  a  posterior 
and  two  lateral  surfaces,  and  a  cervix  or  neck.  Its  hose  or 
/undu$  is  directed  backwards  towards  the  second  part  of 
the  rectum,  from  which  it  is  separated,  in  the  male,  by  the 
vestculiB  seminales,  and  the  recto-vesical  layer  of  the  pelvic 
fasda.  Its  apex  is  directed  forwards  to  the  hypogastrium, 
and  from  it  a  fibrous  cord,  the  obliterated  vroeAiM, 
proceeds  towards,  and  often  as  far  as  the  navel.    The 

3b 


7^4  ANATOMY. 

T'-'^n.  »•  f-i^f'icf,  directed  downwards  and  forwards,  is  in 
DrliUcn   to  the  pubic  bones  and  symphysis,  and  to  the 
antcHr  will  of  the  abdomen,  in  the  region  of  the  h\-p»tv 
pkirriTiiiu   to  all  of  which  it  is  attached  by  loose  areokr 
ti^Tir.     The  p^rrior  fvr/acf,  directed  upwards  and  I'ack- 
wdrds.  is  cc'vertd  by  peritoneum,  and  is  separated  fivm  the 
^:   [ext   of   the   rectum  by  the  recto- vesical  pouch,  in 
wLith  M;me  coils  cf  the  small  intestine  may  be  lying.     The 
,..rr-'.'  ,*•  'f^:^  is  fanially  covered  by  peritoneum,  and  has 
lie  Tis  dcfertcs  and  obliterated  hypogastric  artery  running 
&I-  L^  ::.     The  nr-ri-  is  sitiuited  immediately  in  front  of  the 
t:...i^,  and  gives  origin  to  the  urethra;  it  is  the  lowest  or 
nijst  dcT*^nd:!:j  j«art  of  the  bladder,  and  in  the  male  is 
ezirrdv-eti  by  the  l^ase  of  the  prostate  gland. 

Fi^i^ing  to  the  bladder  are  two  important  membranes, 
wii.b,  :^.gtther  with  its  vessels  and  ducts,  retain  it  in 
i«s-::.L-     Ti.ese  membranes  are  the  peritoneum  and  the 

•      •         • 

Tie  F'.  -"*.  'iff.ri  forms  the  r'aU^  Uoaments  oi  the  bladdt-r. 
iiii  Is  arr.ii:g*Hi  with  reference  to  it  as  follows : — The  j^eri- 
:*:>.>:  221  is  redacted  from  the  rectum  to  the  jx^terior  surface 
*. :    the    h  'udder  as   two  folds,  named  the  i>ogterior  fai'^ 

•  ♦  f.  V,  which  form  the  lateral  boundaries  of  the  recto- 
vcsi.ol  pvuch.  or  pvuch  of  Douglas.  Having  reached  the 
bl^dlcr  the  reritcceum  covers  its  posterior  surface,  and 
extendi  f^  r  a  variable  distance  over  the  base  or  fundus ;  in 
:1c  tz.::y  ll^dder  the  peritoneal  covering  for  the  base 
is  ni.re  titftsive  than  when  the  bladder  b  distended. 
Tic  lerits-iicuia  passes  over  the  sides  of  the  bladder  as  far 
as  the  o":  Iterated  hyp<*gastric  arteries^  when  it  is  reflected  to 
the  side  w^lx  of  the  j^lvis  as  the  laUral  jalx  IvjamfttU. 
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It  a]B6  extends  to  the  apex  of  the  bladder,  where  it  is  re- 
flected to  the  anterior  wall  of  the  abdomen,  along  the  line 
of  the  arachus,  as  the  superior  or  false  ligament.  The 
anterior  sarface  of  the  bladder  is  not  covered  by  the  peri- 
toneam,  so  that  when  the  bladder  rises  above  the  pubes  it 
can  be  opened  without  injuring  that  membrane.  The  cervix 
likewise  has  no  relation  to  the  peritoneum.  The  absence 
of  a  peritoneal  covering,  on  the  anterior  part  of  the  base  of 
the  bladder,  enables  the  surgeon  to  puncture  the  bladder 
from  the  rectum  without  injuring  the  serous  membrane. 

The  Pelvic  Fascia  gives  rise  to  the  true  ligaments  of  the 
bladder.  As  this  important  fascia  Ib  intimately  related, 
not  only  to  the  bladder,  but  to  all  the  other  pelvic  viscera, 
it  will  be  advisable  to  examine  its  arrangement  generally. 
The  pelvic  fascia  is  attached  to  each  side  of  the  pelvic 
brim,  and  to  the  back  o/  the  bodies  of  the  pubic  bones;  it 
descends  into  the  pelvis  on  the  inner  surface  of  the  internal 
obturator  muscle,  is  prolonged  downwards  as  far  as  the 
spine  and  tuberosity  of  the  ischium,  to  both  of  which  it  is 
attached,  and  is  often  called  the  obturator  fascia.  Be- 
hind the  spine  of  the  ischium  the  fascia  is  prolonged 
backwards  as  a  thin  membrane  on  the  anterior  aspect 
of  the  pyriformis  muscle,  sacral  plexus  of  nerves,  and 
great  sciatic  foramen.  It  lies  behind  the  internal  iliac 
artery  and  its  branches,  and  is  pierced  by  the  gluteal, 
sciatic,  and  pudic  arteries  in  their  course  to  the  great 
sciatic  foramen.  From  tlie  relation  of  this  part  of  the  fascia 
to  the  .anterior,  lateral,  and  posterior  part  of  the  pelvic 
wall,  it  may  appropriately  be  called  the  parietal  division  of 
the  pelvic  fascia. 

On  a  line  with  the  spine  of  the  ischium  and  the  back  of 
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the  pubis  the  fascia  gives  rise  to  a  strong  band,  which 
passes  inwards  to  the  pelvic  viscera,  and  may  apj>ro- 
priately  be  called  the  visceral  division  of  the  pelvic  fascia. 
^Vhe^e  this  visceral  baud  is  given  off  the  fascia  is  whiter 
and  more  opaque,  and  is  known  as  the  ichite  Hue,  The 
most  anterior  part  of  the  visceral  division  of  the  fascia 
j)asses  backwards,  in  the  male,  to  the  upper  surface  of  the 
jirostate  gland,  forming  the  puho-prostatic  Ivjament,  and  is 
then  reflected  on  the  front  of  the  bladder  as  its  ani^-rior  tmr 
ligament.  The  lateral  portion  of  the  visceral  division  passes 
inwards,  and,  in  the  male,i8plits  into  three  layers,  the  most 
superior  of  which  reaches  the  side  of  the  bladder  to  form  its 
luteral  true  ligament ;  the  middle  layer  goes  between  the 
base  of  the  bladder  and  the  rectum  as  the  rfi-to-ve^ti'yjl  layer 
of  the  fascia ;  whilst  the  most  inferior  layer  forms  the  r^c/a/ 
layer,  which  passes  under  the  second  and  third  parfc^of  the 
rectum  and  ensheaths  the  levator  ani.  The  pubo-prostatic 
ligament  gives  rise  to  the  fibrous  capsule  of  the  prostate 
gland,  and  the  recto-vesieal  layer  ensheaths  the  ve^iculA' 
seminales,  and  the  corresponding  parts  of  the  vasa  de- 
ferent in,  which  lie  between  the  rectum  and  bladder. 

The  UrarhffSy  which  is  prolonged  from  the  apex  of  the 
bladder  to  the  anterior  wall  of  the  abdomen,  is  a  fibrous 
cord,  representing,  in  the  adult,  an  embryonic  canal,  con- 
necting the  bladder  with  the  extra-abdominal  part  of  the 
allantois.  As  development  advances  the  allantois  di>ap- 
pears  and  the  urachus  shrivels  up  into  a  fibrous  cord, 
sometimes  called  the  middle  vesical  ligament.  Cases  some- 
times occur  in  which  the  urachus  remains  pervious  for  a 
short  distance,  and  communicates  with  the   bladder. 
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Structure  of  the  Bladder, 

The  Bladder  possesses  four  coats — seroaSy  muscolary  snb- 
macouB,  and  mucous. 

The  teratu  or  external  coat  furnishes  only  a  limited 
inyestment  to  the  bladder,  as  has  already  been  described. 

The  muscular  coat  is  formed  of  fasciculi  of  non-striped 
fibres  arranged  in  three  layers.  The  fasciculi  of  the  exter- 
nal longitudinal  layer  ariae  from  the  posterior  surface  of  the 
body  of  the  two  pubic  bones,  and  from  the  adjacent  part  of 
the  prostate  gland  and  its  capsule ;  they  reach  the  anterior 
surface  of  the  bladder,  ascend  as  far  as  its  apex,  and  then 
pass  downwards  on  its  posterior  surface  and  base,  as  far  as 
the  neck  of  the  bladder  and  the  under  surface  of  the  pro- 
state. This  layer  has  been  named  the  detrusor  urince 
muscle.  The  circular  layer  lies  next  the  external  longitu- 
dinal layer,  and  consists  of  fasciculi  which,  though  to  some 
extent  placed  transversely  to  the  long  axis  of  the  bladder, 
are  for  the  most  part  arranged  obliquely.  At  the  neck  of 
the  bladder  they  increase  in  numbers  and  form  the  sphincter 
vesicce  muscle.  Pettigrew  has  described  the  external  longi- 
tudinal and  circular  layers  as  forming  together  a  series  of 
figure-of-8  spiral  loops.  The  internal  longitudinal  layer 
was  first  described  by  Ellis,  and  consists  of  slender  fasciculi 
arranged  longitudinally  in  relation  to  the  sub-mucous  coat 
The  muscular  coat  by  its  contraction  expels  the  urine  from 
the  bladder  into  the  urethra.  In  cases  where  the  urethra 
is  obstructed  by  stricture,  or  by  enlargement  of  the  prostate, 
the  muscular  coat  becomes  greatly  hypertrophied. 

The  tulhmueous  coat  forms  a  layer  of  vascular  connneo* 
tive  tissue  between  the  muscular  and  mucous  coats.    It  is 
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almost  absent  in  the  region  of  the  trigone  of  the  bladder. 
The  mucous  or  intern<il  coat  is  thrown  into  folds  or  rugae  in 
the  empty  bladder,  owing  to  the  laxity  of  the  sub-mucous 
coat,  but,  when  the  bladder  is  distended,  the  muco^is  coat 
is  smooth.  The  mucous  lining  of  the  base  of  the  bladder 
is,  however,  smooth,  even  in  the  contracted  bladder,  over 
a  triangular  surface,  bounded  behind  by  a  line  drawn 
transversely  between  the  two  uretral  openings,  and  on 
each  side  by  a  line  drawn  from  the  uretral  orifice  to  the 
opening  of  the  urethra.  This  triangular  surface  is  called 
the  tnijone  of  the  bladder,  and  it  corresponds,  internally 
t»  a  triangular  redon  on  the  outside  of  the  base  of  the 
bladder,  bounded  on  each  side  by  the  vesicula  semiualis 
and  viis  deferens,  in  front  by  the  prostate  gland,  and 
behind  by  the  line  of  reflection  of  the  peritoneum  from 
the  rectum  to  the  bladder. 

The  free  surface  of  the  mucous  membrane  is  covered  bv 
a  stratitied  epithelimn,  the  cells  of  which  are  multiform  in 


Fkv  ?■.*:?. — F^>ithflial  ce'ls  frt^m  the  mncons  raombnine  of  the  Bladder.  Th'-«*»?  is 
I  ho  upper  row  are  the  suptrficiul  squamous  cells;  those  in  the  lower  ro»  ar< 
tho  iHcuhar  colls  of  the  middle  stratum. 

shape.  The  superficial  stratum  consists  of  lai^e  flattened 
cells  with  large  distinct  nuclei;  the  middle  stratum  con- 
sists of  peiiT-shaped  cells,  the  broad  ends  of  which  are  in 
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contact  with  the  deep  surface  of  the  cells  of  the  superficial 
stratnm,  whilst  the  narrow  end  is  prolonged  between  the 
cells  of  the  deepest  stratum^  which  are  irregularly  oval  or 
rounded  cells,  with  sometimes  a  slender  process  prolonged 
between  the  narrow  ends  of  the  pear-shaped  cells.  Small 
racemose  glands  open  on  the  surface  of  the  mucous  mem- 
brane, especially  in  the  region  of  the  cervix ;  their  excre- 
tory ducts  are  lined  by  columnar  epithelium. 

The  arteries  which  supply  the  bladder  with  blood  are 
the  superior  vesical  branch  of  the  hypogastric  artery,  and 
the  inferior  vesical  branch  of  the  internal  iliac,  which  are 
distributed  in  the  muscular  coat,  and  give  rise  to  a  capil- 
lary network  in  the  mucous  membrane.  The  veins  pass  to 
the  vesical  venous  plexus.  Lymphatics  occur  in  the  walls 
of  the  bladder,  especially  in  the  trigone,  in  which  region 
solitary  lymph  follicles  are  also  found ;  the  lymph  vessels 
join  the  lymphatics  which  accompany  the  internal  iliac 
artery.  The  nerves  proceed  from  the  hypogastric  plexus 
of  the  sympathetic  and  from  the  sacro-coccygeal  plexuses. 
F.  Darwin  has  traced  slender  plexuses  with  nerve  cells 
accompanying  the  blood-vessela 
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:^::lrs  ii.  tie  ra  ;.V  is  the  excretory  duct  ftr 
x:l  :1;  :iri-i  ini  :Le  socrtdon  of  the  genital  glands,  the 
.\i-  li-i::.-  vf  i;s  an-itviiiv  will  be   deferred  until  the 

m 

Tl-;  ■;:rr:r.r^  in  the  '---ir',  c\.»nvev5  onlv  the  urine. 
.:  :>  i  :-:":«r  s*:«:c:  1'^  inv^h  long,  vhick,  arii^ing  as  a 
::m:;1  ^]li.- i  ijl":^  :r:zi  tie  neck  of  the  bbdder,  pas.^e^ 
i  ^'1  -  iri-  ii-i  :\ r^iris  under  the  pabie  arch  to  open  on  the 
"i  _  ~a^  ">,:^i-£-  :lr  iTTii' i.t,  inmiedi^telT  above  the  oritce 
, .  :":.-  v.^T:-->  1:1  i  ^'xu:  in  ii^ch  l-elow  the  clitoris.  It  is 
.: /.-.ti  :i.  :Jif  ..nterlc  w^  of  the  va-:iaa,  and  is  in  a 

r:  . :  ::>  ,•»  o-se  s-rr-mii-d  by  :he  rbres  of  the  compresoor 

-\:i~*   i..^>:U\      I:  i<  lined  Iv  a  n:ucx:'n5  mcnibnine,  ci>n- 

::z  -<  ■*.:!  tl.i:  vf  :lr   rlidier.  which  i>  elerated  iDto 

"^  v„l-:  1.  ::li.x  Tl:5  nirzi'rrine  is  covered  bv  a  strati- 
r,  i  >:_:._. ns  i:  ::ii*:nzi,  :ini  niucijos  glands  oi-en  on  its 
i^.-.-.x.  Tlf  Will  cf  tie  xirtilr^  external  to  the  niuc» 'JS 
r::"  ":r:^t.  :-  vtry  viscnlir,  and  cx:nt-i:ns  lirge  veins:  the 
Vi-<vc'>  ^-^:  ni:n^.c'd  ^r^:!  c:nnc<:ive  tiss:ie  and  a  circular 
.  "cr  .1  n«n-jtr  '  •tvi  m'/s^u.-ir  tir"^tSw 


CHAPTER  XII. 
REPRODUCTIVE  SYSTEM. 


The  Reproductive  System  consbts  of  organs,  the  office 
of  which  is  to  provide  for  the  perpetuation  of  the  race. 
These  organs  differ  from  each  other  in  the  two  sexes  :  but, 
both  in  the  male  and  female,  the  materials  essential  for  the 
reproductive  process  are  the  products  of  two  genital  glands, 
and  are  conveyed  along  a  system  of  tubes  and  passages. 

Male  Organs  of  Reproduction. 

The  essential  organs  of  Reproduction  in  the  male  are 
the  Testicles,  or  genital  glands,  in  which  the  semen  is 
secreted.  From  each  testicle  a  duct  proceeds,  called  Yas 
Deferens,  which  conveys  the  semen  to  the  Urethra.  The 
male  urethra  is  for  the  greater  part  of  its  extent  contained 
in  the  Penis,  or  organ  of  copulation.  Certain  accessory 
structures  to  the  male  generative  apparatus  are  named 
YesicuIiB  Seminales,  Prostate  Gland,  and  Cowper's  Glands. 


:=r  rtsTis  a>T)  sPEEiLiTic  coeds. 

?  -.r  T»;;,!rt  are  two  gUnda  situated  in  the 
i  :Li  Sr^n^:;.:  Cord  b  the  collection  of 
es,  azLi  ie  escrttory  duct  connected  with  each 
ie  t«::i:Ie  and  the  cord  in  the  scrotum  are 
jtTc.-i;  sirci-fiirts.  technicallj  called  their 
ii-e  ^—  £rs:  V*  dri..ribed. 


Tzc  SvLC'rm  consists  of  a  purse-like  fold  of  the  intfgu- 
cier,:,  Ktich  hangs  pendulous  between  the  two  thii:hj. 
Its  skin  is  c. loured  bv  pi^ent,  and  is  covered  with  haiis  : 
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it  presents  a  wrinkled  appearance,  though  it  may  become 
amooth  and  lax  in  hot  weather,  and  in  a  debilitated  state 
of  the  body.  Beneath  the  skin  is  a  thin  layer  of  super- 
ficial fascia  of  a  pale  reddish  tint,  which  contains  a  large 
quantity  of  non-striped  muscle,  and  is  devoid  of  fat 
This  layer  is  called  the  darios  musde,  and  through  its  con- 
traction the  corrugated  condition  of  the  skin  of  the  scrotum 
IB  produced.  The  scrotum  is  divided  into  two  lateral 
halves,  by  a  median  septum,  into  which  the  dartos  fibres 
are  prolonged.  The  position  of  this  septum  is  marked,  on 
the  surface  of  the  scrotum,  by  a  median  line  or  raph6, 
which  w  continuous'behind  with  the  raph^  of  the  perineum. 
Each  half  of  the  scrotum  contains  a  testicle  and  a  sper- 
matic cord,  and  each  testicle  with  its  cord  is  enveloped  by 
four  special  coverings,  which  are  arranged  from  without 
inwards,  as  foUows  : — 

The  spermatic  fascia  is  a  thin  fibrous  membrane,  con- 
tinuous above  with  the  flattened  tendon  of  the  external 
oblique  muscle  of  the  abdomen,  at  the  external  or  super- 
ficial abdominal  ring.  The  cremaster  muscle  consists  of 
fasciculi  of  striped  muscle,  continuous  above  with  the 
internal  oblique  muscle  of  the  abdomen :  the  f ascicuU  form 
a  loop-like  arrangement  over  the  testicle  and  spermatic 
cord,  and  are  attached  together  by  intermediate  areolar 
tissne,  so  as  to  form  the  cremasteric  covering  or  fascia. 
The  infundihvliform  fascia  is  a  very  delicate  layer  of 
fibrouB  membrane,  continuous  above  with  the  fascia  trans- 
▼ersalis  of  the  abdomen,  at  the  internal  or  deep  abdominal 
ring.  The  tunica  vaginalis  is  a  serous  membrane,  the 
outer  surface  of  which  is  connected  by  areolar  tissue  to  the 
infnndibnliform  fasda.     Its  inner  surface  is  smooth,  and 
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Ti rfi  r T  a  hyer  of  endothelium,  which  is  reflected  on 
r  it^t'v'.e,  so  as  to  form  a  smooth  visceral  layer,  similar 
:'::£  ><rvus  epicardium  which  envelof»es  the  heart.  The 
v-.>^:r:»l  Liv^r  of  the  tunica  vaginalis  reaches  the  testicle  at 
.:;>  '.v^Cir.:?  K^rier,  where  it  is  i a  contact  with  the  epn- 
I.iy:ii< :  i:  ;xiniAlIy  invests  the  epididymis,  and  forms  a 
1  •"-:*::  r<:vrt>£n  thst  KJv  and  the  testicle.  The  tunica 
v^.:j..:<  i>  also  prolong^ed  for  a  short  distance  upwards 
i.  .  •-• ,:  :hc  5:«i miotic  cord,  where  it  forms  a  closed  sac 
^  :.i:.:v.:t>  a  ;*:rec»d-like  baud  maybe  seen  in  the  cori 
./xv;  :':::  tu-^is^^  vaginalis,  and  extending  upwards  towards 
:i.  "•;:.:.  :.i"ui.  Tliis  band  indicates  the  position  of  a 
:^:./-.;r  .r  r.:.tv:i.n.  at  one  time  existing  between  the  j»eri- 

T.  v.:.;.l^^v.:-i  why  the  testicle  and  sjHermatic  cord 
v.^^.ns  '/^tse  <evtr,il  coverings,  it  should  be  stated,  that 
::.^  ^'...i:/.  i>  cn^'.UAllv  lonnc-d  in  the  abdomen,  where  it 
':, ;>  s  :<r.:.r.-.  U  envil.^i^e :  but  that  it  descends  through 
::.i  v.;//.  vf  the  al\ionien  into  the  scn:»tum,  and  carries 
i'  •  g  V*::.: ::  .^  o,  verir.g  from  each  of  the  structures  in  tbit 
V. ./I,  v.;:!;  wi:/::  i:  c.mt^  in  contact  in  the  course  of  its 

«  ■<  •*    • 

V  *>:ug  10  ::s  devel.pniont  in  the  abdomen,  it  derives  its 
Vi<o<ls  aui  n;:r\-es  fr»m  the  vi>cuiar  and  nervous  trucks 
i  A  in  that  cavitv.  As  it  descends  throuiih  the  wall 
alovT^in  into  the  sc rot unu  these  structures  are 
c,::.c..Uvi.  sua  descend  with  it,  and  tojiether  with  the  vas 
v\-v:i >::!>,  cr  exorerory  duct  of  the  testicle,  form  the  sj*er- 
r..i:.v*  c:r.L  The  cord*  after  it  has  passed  through  the 
w,;ll  v'f  the  a\\iomen,  like  the  testicle,  is  enveloped  by  the 
sv;r:'.,ii::v\  cremasteric,  and  infundibulifonn  fasciae.     The 


>.. . 
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cord  coQsiata  of  the  spermatic  artery,  a  branch  of  the 
'  abdominal  aorte :  of  the  Bpemutic  Tains,  which  fonn  a 
well-marked  plexos,  called  the  pampiniform  plexut :  of 
lymphatics,  which  commnu'cate  with  the  iliac  and  lumbar 
lymphatics  :  of  nerves  which  are  derived  from  the  aortic 
plexus  of  the  sympathetic,  and  accompany  the  spermatic 
aiteiy,  and  of  the  vas  deferens.  But  the  vas  deferens  has 
a  small  special  artery  accumpanying  it,  a  branch  of  the 
euperior  vesical  artery,  and  the  coverings  of  the  cord 
receive  the  cremasteric  branch 
of  the  epigastric  artery.  The 
genital  branch  of  the  geuito- 
craial  nerve  snppUes  the  cre- 
master  mnscle. 

The  testicle  is  suspended  by 
the  spermatic  cord  and  its 
coverings  in  the  scrotum,  in 
which  it  lies  obliquely;  the 
left  testicle  being  usually  a  little 
larger  and  more  dependent  tbao 
the  right.  It  is  ovoid  in  form, 
compressed  laterally  ;  and  pos- 
sesses two  lateral  sorfacea,  two 
borden,  and  two  eztremitiee. 
It  is  about  1^  inch  in  its  ver- 
tical diameter,  Ij  inch  in  its 
antero-posterior  diameter,  «"<!  "^J^T-^*  iiobolTSSJ^ 
half  an  inch  from  side  to  Bids.  ^/^^ 
The  whole  of  the  exterior  of 
the  gland,  except  the  posterior  border,  is  smooth,  and 
invested  by  the  visceral  layer  of  the  peritonenm.    The 


epldidjiDto  i  *4  *■ 
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pi^terior  Inir'ier  gives  attachment  to  the  epididymis,  which 
is  the  ccLvoluted  coaimeiicement  of  the  vas  deferens. 
The  'J  ''  'K  "•  "<  cc»nsist*  of  an  upper  end,  the  ^jlJ'^'* 
n  '  :-.  or  head  of  the  epididymis  ;  a  lower  end,  or  g^o^'u* 
'.'.';:  '-.  and  an  intermediate  part,  the  ^/y  of  the  epi- 
d:  iymis.  Fam  the  globus  minor  the  vas  deferens  pn>- 
c^eis.  The  er-iiidvmis  is  to  a  larire  extent  a)vered  bv 
the  visoeril  layer  of  the  tunica  vaginalis,  but  at  its  uj>per 
anl  lower  ends  it  is  closely  united  to  the  testicle.  Bt.- 
twccL  the  glcl'iis  major  of  the  epididymis  and  the  uppt^r 
end  c:  the  testicle  is  a  small  pedunculated  bcKiy,  calit^ 
ih e  : - . '    •  •* . ' ,iU i  h  ; ]■  \' t'l  of  JI'jr'j<v7.n\ 

.>": -.v!'?x:v  of  tJif  Testis  and  Ei'iiH}/ims. 

.  The  Testicle,  in  addition  to  its  serous  envelof-e,  i> 
invested  Iv  a  dense  fibrtms  coat,  the  tunioi  alh'f'jit*"i, 
which  give:?  oi:  along  the  pi^terior  border  of  the  gland  a 
strong  pr\:'l:ngation  into  its  interior,  named  the  cori'*ff 
II  :\'i  '"'■::'.  I'l  or  mffUj^i/tum  t^sti*.  But,  in  addition. 
sler.irr  ;  rv-cesse^s  arise,  senerallv  from  the  inner  surface  of 
the  tunica  albuginea,  which  pass  inwards  to  the  medias- 
tinum testis,  and  collectirely  form  the  ^j^a  tif.nfis.  Through 
this  arrangement  the  interior  of  the  gland  is  divided  iiiti* 
a  Luincer  of  lobular  compartments,  c»ccupied  by  the 
seminal  tubes.  The  tunica  albuginea,  the  mediastinuLi 
testis,  and  the  septa  testis  are  formed  of  connective  tissue. 
Kolliker  states  that  non-strij>ed  muscular  tissue  occurs  in 
the  tunica  along  its  posterior  l>order,  and  in  the  septa 
testis.  Blc»<.xl- vessels,  continuous  with  the  spermatic 
artery  and  veins,  are  also  distributed  over  its  inner  sorfaoe. 
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and  along  the  septa,  so  as  to  fonu  what  Aatley  Cooper 
called  the  bunion  ixuevlota. 

The  tvbtUi  temini/eri,  or  seminal  tubolea,  constitute  the 
proper  secreting  substance  of  the  testicle.  Thej  are 
lodged   in   the  internals  between   the  septa  teetis,   and 


■  tliroDKb  tlie  Twlds  Hd  EpldldTmli  of  in  Infant. 
T,  the  UMlclt!  I.  tunka  ilbmiiim;  1,  i.  upli  IMIt;  £  L  lobei  al  leHb  cod- 
ulDiDK  nmlnil  iD)Kil«;  H,  medluUnuii;  KTuarvctii:  r,  nMWOli:  (,e*pU 
]Aj^ imroDndlnc  ■nnliu]  Inbnla !  E,  rpldldjmli.    x^ 

form  conical  masses  of  a  leddiah-^ellow  soft  material, 
named  the  lobtt  of  the  testis.  Each  lobe  is  composed  of 
from  two  to  four  or  six  highly  convoluted  tubnles;  and 
u  then  are  from  250  to  400  lobes  in  the  testis,  the  num- 
ber ctf  seminal  tubules  ranges  probably  from  about  800 
to  1000.  The  convoluted  tubules  in  a  lobe  are  connected 
together  by  delicate  areolar  tissue  and  capillary  blood- 


-^  :^.  1:1  iJ-.-Mf  IT-  : m  Jj'wn  by  dissecting  with 
---:  ^  >  i.:  itt  Vir^r  .r  f^^.:.  the  tubes  may  be  untwusted 
^ .  r^-^ii  :.  l:^~j  iz  iv:iri^  len^h  of  2^  feet,  and  a 
._ .  .  :.r    .   rr  ^  - " -'Ji  :j  ;^*---:Ii  cf  aa  inch.     The  tnl»e« 

^  :  ;.r  T'-!!  :L-'i  ri  :>  cr  an35:om«.»sini:  Ic^'r-?. 
.-. .    ::--•    <ri.^i:^r   i^   tlitv  iiy roach   the    mediasti- 

...       .:    :i:.  :cr.  "^i.-.i  i«>?<r5ci  di:  averi^re  diameter  of 

,'    I     :    1-z   :-  i.     Vv'j.^-  witlia  the  mediastinum 

-  --.^.-  -j.:t>  :Li..:i  t^-  :.  rzi  a  ne:«-ork,  the  rr-tr  trstis. 

'^  :.     :,    -^  :.   t.-^:*^   rr-.zi  :Tr>e   to  twenty  tubes  arL>e. 

»:     :      .-.-*.\-    -iti    :::.-!   il'.;:^j:-a.  a:   the   niTerend  zi 

.>.      .   :.:  :vr   .•  "-.-r    .-t   tjie   h«;ai  cf    the   er:di.ivniii. 

r:.    'I'-    -   -•     /*  -  *     '.       A<   in  eajh   vas  e!fertn> 

.   ;.    .^-.-  :     .Ttv-  .i:':<    ^'^  crj^MTcd- and  :•  rms  a  cvuiv^al 

^-.        ,    z...i^'*    •  •-'^* .    v»'    h  '^   reen   a'  :  lied  to  the 

•.o^i   - '"  -"",^~i.      Thi   I-z^:h  tf  the  cenToIutcJ 

'    \   ^      :    : i  .1    J*,  z i:i    j>.   »hrQ    cnravtllii    aV-t 

^       •     •    •  >.      *":':    x-T^r-Ll  v-isa  cnir*:i:t:a  unite   t.'^-p^thcr 

.' »-.      :  ■'.  .n   li-   tn.e    in  the   j:'.  b^;^   ciin-jf  the 

-----    i.--^>v       Thi   lT:::-h   cf   the   :nb«   of  tie 

^   \  :.--   r"i"-Li.  ii  a'^-.  .it  twenty  feec  and  it5 

"   >    r.. :  _i    >.  _  J  :::r^  ^vl-n  the   I«  Ccs  of   the  te^ti-. 

--    .    i    •>  i.\     r   n.-nVrana   rr. rr.a*  f.rmeJ  of  liven?  of 

*•  %♦»  *^        ,«.         », 

. ..  ;    :_\.'    '-vriv.r^    .f   VoAii   caiillaries    <crt*:cn'iin£  ih^ 
•e  •    'ii  ::.>:<,  :■::  the  Ivni.  h-^vact-s  and.  Itx*  h  ca*^Ll.ar:e* 


TESTIS,  809 

tliat  give  origin  to  the  lymphatics  of  the  testicle.  The 
bundles  of  intertabular  connective  tissue  are,  according  to 
MihalkovicSy  invested  by  flat  endotheliaMike  cells,  and 
the  chinks  between  these  bundles  are  apparently  the 
lymph-spaces.  The  wall  of  the  vasa  recta  and  rete  testis 
also  consists  of  flattened  cells.  The  wall  of  the  vasa 
efferentia  is  thicker  and  more  highly  differentiated,  for  it 
consists  not  only  of  connective  tissue,  but  of  non-striped 
muscle,  arranged  both  circularly  and  longitudinally.  The 
wall  of  the  epididymis  possesses  a  similar  structure. 

The  tubuli  seminiferi  are  occupied  by  cells.  Before 
the  period  of  puberty  these  cells  are  inactive  :  their  pro- 
toplasm is  granulated  and  possesses  nuclei,  but  the  out- 
lines of  the  individual  cells  are  obscure.  When  the 
testicle  is  actively  engaged  in  the  secretion  of  semen,  the 
contents  of  its  tubes  assume  other  characters,  and  give 
rise  to  the  formation  not  only  of  the  fluid  part  of  the 
semen,  but  of  the  peculiar  spermatic  fllaments  or  sper- 
matozoa. 

The  spermatozoa  are  microscopic  thread-like  filaments 
from  i^th.  to  ^^th  inch  long.  At  one  end  the  thread 
18  dilated  into  an  ovoid  or  pear-shaped  body,  about  ^w^^ 
inch  long,  called  the  head  of  the  spermatozoon,  whilst  the 
rest  of  the  structure  forms  the  body  and  filamentous  tail. 
The  spermatozoa  are  developed  within  the  specially  modi- 
fied sperm  cells  or  ipermaio-blasis,  occupying  the  seminal 
tubes,  the  nuclei  of  which  have  greatly  increased  in  num- 
bers. From  the  recent  observations  of  Neumann  and 
Krause,  it  would  appear  that  the  spermato-blasts  consist  of 
a  network  of  nucleated  protoplasm,  in  part  attached  to  the 

wall  of  the  seminal  tube«  and  in  part  projecting  into  its 

3  p 
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1cfn>»n  80  IS  to  form  ft  Bcnm  of  projecting  oolomns  of 
K;ivieti:eci  prv^copLasm.  From  the  free  ends  of  these 
ccl.iziDs  long  dliiDencs  prv>trade»  which  look  at  fint  Hke 
f:>-^  bac  are  si?ea  oq  further  examination  to  be  the  atten- 
i^ed  tails  of  ihe  spermatozoa.  The  protoplasm  of  the 
sr^n:i.u«>bli^:^  is  culoorless,  granalated,  and  easily  torn. 
Tbe  c:i^iei.  sira^t^  ne^r  the  attached  ends  of  the  colnmna, 
an^  Lir*«:\:  and  ovaL  and  coctain  a  nacledna.  Thoee  nucki 
wh::^  I::^  n^or  the  free  ecds  of  the  colomns  are  specially 
ij.xLiei  to  :\>rm  the  heads  of  the  epennatcooa,  and  the 
r<vc.xLw^:3i  imniedi^celT  surrounding  them  becomes  con- 
t^u.<^  wi:a  the  nacleos,  and  diferentiates  into  the  body 
.i:id  r'^Tiearocs  tail  of  the  indiTidnal  spermatozoa.  Aa  the 
d=vrL,v:«<iiec:  pcLveeds,  the  srennatoioa  liberate  themselves 
fr\:ci  the  sp«?r::ii»o-c<LaaCs.  and  becoine  free  in  the  qmh^'^I 
;ub«e.  In  the  iiie>he>  oi  the  network  formed  by  the  spa- 
i:^^s:-t\j^4a^  iiaajierv>tt$  distinct  ceUs,  capable  of  being  sepa- 
riicM  irvizi  the  necw:>rk,  are  situated.  They  are  oft^n 
C-vviliT  in  f^r^i.  and  cvi^tain  one  or  more  nuclei*  The 
^'os.'i.^e  fuijca.n  oc  these  cells  has  not  been  determined, 
Aid  ;h..T  L^T>(  been  named  indi^erent  sperm  ceOa;  it  is 
noc  ;:n^o.>c«ic-Le  tXLU  they  are  s{^rrmaSo4>lasts  in  the  earlier 
>Cd^res  of  f vxiui^aoa.  Is  is  not  until  the  spermatozoa  reach 
;2ie  rete  .estis.  c<f  the  Tea  edeteatia,  that  they  become 
^atLTx^v  frve  frv<in  the  procoplaam  of  the  spenoato-blast?, 
in  ct^'Oikrcuoa  with  which  they  were  foimed,  when  they 
ibfia  asssoiDe  a  [K^vrer  of  active  moTemenl.    ^ 

Tie  LAJircf^ni  s^<«fm  oeils  and  the  ^lermaio-blasts  repre- 
^n:  uie  ec;the4ia2n  of  the  *<^^»»-^  tubes  in  the  lubes  of  the 
wt^ii>  ar>i  in  the  r^:e  te^4ia  In  the  ^laaa  c€er«ntis  and 
ecidiiyn^  as  far  as  the  ^jUh  BunoTy  the  fiiaal  dacU 
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%  dittiiiot  lining  of  ftiFhimnii^  <i*ri  ff?jiirt^  iHMthtlitl 
niUfy  but  the  diia  dia^ppoar  in  the  globus  minor. 

The  blood  tnd  lymph  ▼omeli  ind  the  nenree  of  the 
tairtole  U9  oontinnous  with  thoee  to  which  refeienoe  has 
been  made  in  the  descriptian  of  the  spennetic  coid. 
Aeeording  to  Letmich,  the  nerve  fibres  pievoe  the  proper 
wtU  of  the  sMninel  tabnles,  and  end  in  clamps  of  proto- 
plesm,  having  a  diraot  relation  to  the  sperm  eella. 

Haller  described  a  tabular  diTertioolar  prolongation 
from  the  globus  minor  of  the  epididymie  by  the  name 
of  va$  ahenufu.  It  varies  in  leiigtfi  from  1|  inch  to  14 
inidies,  and  lias  parallel  to  and  between  the  epididymis 
end  the  vaa  deferanai  and  ia  oonvoloted  like  the  former 
tnba    In  atmctora  it  resembles  the  vaa  deferens. 

O&nJdte  discovered  in  1857  a  amaU  body  sitaated 
beneath  the  tunica  vaginalis,  covering  the  front  of  the 
apermatio  cord,  immediately  above  the  head  of  theepididy^ 
mia,  vHiieh  haa  been  named  the  ptsrepididfwUtf  or  or^^aa 
cf  Oiraldii.  It  varisa  in  aiae  from  a  mere  apeok  to  a 
body  4  or  6  Unea  long,  and  conaiata  of  amall  oonvoluted 
tnbea  lined  with  a  squamous  epitheiiam. 

The  y A8  Dmrnm  is  ikm  tubular  duct,  about  two  feet 
in  length,  which  oonvsya  the  aemen  from  the  epididymie 
to  the  urethra.  It  aiiaea  fran  the  g^obua  minor  of  the 
epididymia,  with  the  convoluted  tube  of  which  it  ia  eon* 
tianons.  It  is  tortuous  at  its  commencement,  and  aacenda 
behind  the  ^ididymis,  then  enters  the  cord|  and  is  eon 
tinned  upwards,  behind  the  qwmatio  veaaday  through  the 
inguiBal  canal,  aa  far  aa  the  internal  or  deep  abdominal 
dag.  Ifoe  it  leavee  the  apennatic  veaBaln,  corvee  round 
the  outer  aide  of  the  deep  epdgaetrio  aiteiy,  and  ainka  into 


vSl2  ANATOMY. 


y 


the  prlris.  It  then  reaches  the  side  of  the  bladder,  aJon 
which  it  descend?  to  reach  the  base  of  the  bladder ;  in  its 
course  it  crosses  the  obliterated  hypogastric  artery,  and 
r  -es  between  the  ureter  and  the  bladder.  At  the  base  of 
the  1  !:vii?r  it  inclines  to  the  inner  side  of  the  vesicula 
semina'is,  ani  ne.ir  the  base  of  the  prostate  gland,  it  joins 
the  duct  oi  the  vesicula  to  form  the  common  ejaculatory 
duvt.  The  Tas  is  sacculated  and  tortuous  at  the  base 
of  the  bhidder,  but  in  the  greater  part  of  its  extent 
it  is  a  cylindrical  tube,  with  dense,  firm  walls,  so  that  it 
feels  like  a  piece  of  whijxx'nl 

It  p.\v>esses  an  eirtemal  coat  of  connective  tissue; 
wirhiu  which  is  a  thick  coat  partly  formed  of  fibro-elastic 
tissue  and  partly  oi  non-stri[>ed  mu>cle,  arranged  both 
loii_ri:uolinally  and  circularly.  It  is  lined  by  a  mucous 
menilrane,  which  is  covered  by  columnar  epithelium. 
The  t:l>rv>muscular  ci^^t  of  the  sacculated  part  of  the  vas 
is  much  thinner,  and  branched  tubular  glands  oj>en  on  the 
mucous  surf.ice.  Owin^  to  the  thickness  of  it^  wall  in  the 
greater  part  of  its  extent,  the  vas  deferens  pv;»ssesses  a 
couiiarativclv  small  lumen. 

The  Veskvl-F-  S  em  in  ales  are  two  sacculated  reservoirs 
for  the  semen,  situated  between  the  base  of  the  bladder 
and  the  rectum.  Eich  vesicula  is  about  2  inches  in 
length,  and  anisists  of  a  convoluted  tube,  aKiut  6  inches 
long,  which  forms  at  one  end  a  rw/-t//-Mc,  but  at  the 
opjvsite  end  becomes  attenuated  into  a  slender  duct, 
which  jcins  the  vas  deferens,  to  form  the  common  ejacu- 
latorv  duct.  When  the  convoluted  tube  of  the  vesicula 
is  unravelled,  it  is  seen  to  possess  several  short  diverticula 
opening  into  it.     The  structure  of  the  wall  of  the  vesicuL 
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corresponds  with  that  of  the  sacculated  portion  of  the  vas. 
The  tubular  glands  in  its  wall  pour  their  secretion  into  it, 
so  that  its  fluid  contents  consist  not  only  of  semen,  but  of 
the  special  secretion  of  these  glands. 

The  CoMKOM  Ejaculatort  Ducts  are  two  in  number, 
each  being  formed  by  the  junction  of  the  vas  with  the 
duct  of  the  vesicula  of  its  own  side.  Each  common  duct 
is  about  one  inch  long.  They  lie  close  together,  and  pass 
forwards,  between  the  middle  and  lateral  lobes  of  the 
prostate  gland,  to  open  in  the  prostatic  part  of  the  urethra, 
on  the  summit  of  the  colliculus  seminalis,  one  on  each  side 
of  the  mouth  of  the  prostatic  vesicle.  Their  walls  are 
much  thinner  than  those  of  the  yeeicul»  seminales,  the 
diminution  being  especially  marked  in  the  fibro-elastic  coat 

The  excretory  apparatus  of  the  testicle,  known  by  the 
several  names  of  vasa  efferentia,  epididymis,  vas  deferens, 
and  common  ejaculatory  duct,  is  characterized  by  the  extra- 
ordinary length  and  convoluted  character  of  its  tube. 
Whilst  the  actual  distance  between  the  testicle  and  the 
prostatic  part  of  the  urethra,  in  which  the  excretory 
apparatus  ultimately  opens,  is  not  more  than  a  few 
inches ;  the  length  of  the  tube  which  conveys  the  secretion 
into  the  urethra  amounts  to  many  feet  The  inference 
which  may  naturally  be  drawn  from  this  arrangement  is, 
that  the  secretion  of  the  testis  passes  but  slowly  from  the 
gland  to  the  vesiculs  seminales  and  urethra,  and  probably 
undergoes  a  considerable  amount  of  elaboration  in  its 
course. 
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mtucular  tiMUft  is  both  noiMtriped  and  stripeiL  The  noa- 
■Iriped  mnacle  fomu  »  portion  of  the  anterior  part  of  the 
ghad  in  front  of  tiie  urethra,  as  well  at  a  coneidenhle 
proportion  of  the  base  of  the  organ,  where  it  is  oontinnoos 
with  the  sphincter  yesicn  mnscle.  It  forms  a  ring-Uke 
qphincter  arrangement  around  the  commencement  of  the 
urethia,  faj  the  division  of  which,  in  the  lateral  operation 
of  lithotomy,  the  urethra  and  prostate  can  be  dilated  so  as 
more  readily  to  admit  the  forceps  into  the  bladder. 

The  striped  musde  of  the  prostate  has  been  especially 
described  by  Kohlrausch  and  Henle.  It  is  best  seen  at  the 
apex  of  the  proetate,  where  it  is  directly  continous  with 
the  striped  fibres  of  the  constrictor  urethr»  musde  which 
aurround  the  membranous  part  of  the  urethra.  It  sur- 
rounds the  urethra  at  the  apex  of  the  prostate,  and  doubt- 
less acts  as  a  sphincter  muscle  for  it,  so  that  Kohlrausch 
has  named  it  jpAtactor  uretng  prt>daiicus>  Fasciculi  con- 
tinuous with  Uus  muscle  also  pass  backwards  as  far  as  the 
sides  of  the  neck  of  the  bladder. 

The  glandular  substance  of  the  prostate  consistB  of  short 
branching  acinous  glands,  which  unite  into  a  number  of 
excretory  ducts,  that  for  the  most  part  open  on  the  floor  of 
the  urethra  on  each  side  of  the  coUiculus  seminalts.  Both 
the  duets  and  the  acini  are  lined  by  a  columnar  epitheliunu 
Ooncretions  are  apt  to  form  in  old  men  in  the  ducts  of 
thsse  §^ds. 

The  prostate  is  penetrated  by  the  urethra,  the  oommon 
ejaeulatory  ducts,  and  the  prostatic  vesicle. 

The  proetatao  part  of  the  urethra  is  the  dilated  com* 
meneement  of  that  tube.  It  Is  about  1|  inch  kmg,  is 
eontittuona  behind  with  the  bladder,  and  in  front  with. 
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the  membranous  part  of  the  urethra.    It  is  nettiy  ^  ta 

inch  wide  about  the  middle  of  the  prostate,  sonevbal  ks 

where  it  opens  into  the  bladder,  and  about  a  qmiter  of  u 

inch  in  width  at  the  apex  of  the  gland,  bat  it  is  a|«^  ^ 

being  more  widely  distended  onder  pre88Qr&  It  lies  in  fn^ 

of  the  middle  lobe  of  the  prostate,  and  nearer  its  asta^ -^ 

than  posterior  surface.     It  is  lined  hj  a  mncoos  fem- 

brane,  which  forms  at  the  opening  into  the  l^Msf  & 

transverse  fold,  the  uvula  vesicas.     In  front  of  the  wiih  & 

longitudinal  fold  about  f  inch  long,  and  |tb  of  an  isc^  ^ 

its  greatest  height,  extends  forwards  along  the  floor  of  t^ 

prostatic  part  of  the  urethra;  it  is  called  coUicvIw  tmi^a^ 

or  verumontanum,  or  cresi  of  the  urethra.     On  each  side  ti 

this  crest  is  a  longitudinal  depression,  the  jKOsUtic  sics^ 

into  which  many  of  the  ducts  of  the  ^ands  of  the  yt\sy*< 

open.    At  the  summit  of  the  crest  are  three  minute  onsets. 

a  mesial  and  two  lateral :  the  mesial  is  the  moath  diL* 

prostatic  vesicle,  the  lateral  are  the  openings  of  theeonmjt 

ejaculatory  ducts.     The  free  surface  of  the  ouUicolc?  i» 

formed  by  the  macous  lining  of  the  urethia,  ht^^'-^ 

which,  as  Henle  has  shown,  is  a  network  of  ehs^  ^^^ 

with  interspersed  non-striped  muscle;  caveraoos  tk>cc 

capable  of  erection,  occupies  the  spaces  of  this  nelvoik. 

The  vesicula  prastatica,  or  uiriculus^  or  uterw  vutfrvl  >  •  •  *» 
is  a  pouch  from  ^  to  ^  inch  long,  which  opens  by  a  lunvf 
slit  on  the  middle  of  the  suomiit  of  the  collicuios  semisAi^ 
It  inclines  backwards  and  upwards,  between  the  lalenl  loles 
and  below  the  middle  lobe  of  the  prostate,  and  thoagK  dili* 
ing  somewhat  in  its  course  terminates  in  a  cnl-deMc  ^  '*' 
posterior  free  end.  It  ia  lined  by  a  mnoons  miiDbna^* 
covered  by  a  stratified  pavement  epithelinxn,  and  iti  ^^ 
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containB  fibro-miucular  tiBBue,  and  Bome  small  tubular 
glands,  which  open  on  the  free  surface  of  its  mucous  lining. 
The  ejaculatory  duct  is  placed,  for  the  terminal  part  of  its 
course,  in  the  wall  of  the  prostatic  vesicle.  The  vesicula 
prostatica  is  of  great  anatomical  interest  as  representing  in 
the  male  the  uterus  and  vagina.  In  some  mammals  it 
possesses  considerable  size;  in  the  horse  and  ass  it  is 
several  inches  long,  and  in  the  goat  it  divides  into  two 
horns  posteriorly. 

cowper's  glakds. 

Cowper's  Glands  are  a  pair  of  yellowish  bodies,  about 
the  size  of  small  peas,  situated  in  the  perineum,  behind  the 
anterior  layer  of  the  triangular  ligament,  and  below  the 
membranous  part  of  the  urethra.  From  each  gland  a 
duct  proceeds,  which  runs  forwards  for  about  an  inch,  and 
opens  into  the  bulbous  dilatation  of  the  urethra.  The 
glands  are  composed  of  lobules,  and  have  the  compound 
racemose  type  of  structure.  Each  gland  is  supplied  with 
blood  from  a  branch  of  the  artery  to  the  bulb. 
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The  Hale  Urethm  ia  tha  ctccKiorj  dmfc  for  teinM 
and  sMnioal  fluid.      It  ezteada  firoia  tlia  nak  of  ^ 
bladder  to  the  opening  at  the  end  of  tlie  gjaai  pena  la 
average  length  k  from  8  to  OiodieSyanditTaiiKiakiftk 
with  the  size  and  eondition  of  the  penit.    In  the  mfi 
state  of  the  penis  it  fonns  a  continnona  caxw%  vilk  tk 
concavity  directed  towards  the  pubic  arcL    In  ths  flsoeii 
penis  it  makes,  at  first,  a  curve  with  the  ooncaTity  directad 
towards  the  pubic  arch;  but  when  it  reaches  thepesisu 
dbtanges  its  direction,  and  forma  a  aeccmd  ewe^  widi  ^^ 
concavity  directed  downwarda     It  is  Unad  hj  a  ■bdos? 
membrane  continuous  at  one  end  with  that  of  the  MriiVr 
and  at  the  other  with  the  t^;ufflentax7  covering  d  tk 
glans.    The  epithelial  covering  of  the  pioelalie  part  of  tk 
mucous  membrane  is,  near  the  bladder,  kminated  sad  vid 
an  arrangement  of  celk  similar  to  the  efathehom  cf  tk 
bladder,  but  in  the  rest  of  the  urethra,  aa  far  fwearfi  v 
the  fossa  navicularis  in  the  glana  penia,  the  eptthefiia  *» 
columnar.     At  the  external  orifice  again  it  x»  stnliiied  tsc 
squamous.     Beneath  the  mucoua  membrane  ii  the  r:^ 
mucous  coat,  in  which,  in  addition  to  the  fibies  of  ooacrc- 
tive  tissue,  there  are  non-etriped  muscular  fibns  irnic^ 
both  longitudinally  and  circularly.     Ellis  has  shown  ^' 
the  longitudinal  fibres  are  continuous  with  the  iaten^ 
longitudinsl  muscular  fibres  of  the  bladder. 

As  the  external  relations  of  the  urethra  vary  in  difot:: 
parts  of  its  extent,  it  is  divided  into  three  parts,  th»  ^^ 
tatic,  membranous,  and  spongy  portions,    Ue  pnati-' 
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part  of  the  orathia  has  already  been  described ;  the  spongy 
part  will  be  considered  abng  with  the  penis;  the  mem- 
bianoQs  part  will  now  be  eTamined. 

The  mmbranou$  pari  </  the  urMra  eorveSy  with  the 
eOBcayity  diieeted  forwards,  under  the  pnbio  arch,  from 
the  i^z  of  the  prostate  gland  to  the  bnlboos  portion  of 
Iha  spongy  part  of  the  urethra.  It  is  the  shortest  part  of 
the  oanal,  measores  about }  inch  along  its  anterior  wall,  and 
•bout  I  inch  along  its  posterior  walL  It  is  the  narrowest 
part  of  the  nrethra,  and  in  some  cases  apparently  is  not 
aore  than  about  ^  inch  in  circumference,  but  it  is  capable 
of  being  more  widely  distended.  It  pierces  the  trian* 
gnlar  ligament  of  the  nrethm  before  it  joins  the  bulb,  and 
diminiflhes  somewhat  in  calibre  as  it  passes  through  it; 
the  fibrous  membrane  of  this  ligament  supports  and  giyes 
an  investment  to  the  membranous  part  of  the  urethra.  It 
is  also  surrounded  by  the  constrictor  urethne  musde. 
It  is  lined  by  mucous  membrane,  and  its  wall  not  only 
contains  the  nonstriped  fibro-muscnlar  elements  met  with 
gsneially  throughout  the  urethra,  but  a  vascular,  cavernous 
venous  plexus.  A  few  racemose  glands  open  on  the  free 
■nrCsce  of  its  mucous  lining. 

The  Compreiaor  or  Conttrtdor  Urdhra  is  a  striped 
musde  passing  across  the  pubic  arch,  to  the  sides  of  which 
iftjs  attached.  In  its  course  it  completely  surrounds  the 
membrsnotts  part  of  the  urethra,  to  which  it  acts  as  a 
sphincter  musde.  It  is  quite  distinct  from  the  non-striped 
circular  muscular  fibres,  in  rdatioo  to  theeubmucous  coat 
cf  the  urethra. 
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THE  riyis. 

r.-c  ?;_  iv  :r  rrri:;  of  ccpalation^  is  situated  in  the 
nr.: ::_:!:    n.    fr:*:    c£    ih.e    trLingukr  ligament  and  the 

::  -  i-T.:.  I:  ."«  r.:s->ts  *.:  a  rvx^t.  a  Kxiy,  and  of  the 
r.L.!^  T<::_.5v  Tt  :i5  rjct  i:  is  attached  to  the  sides  of 
:,:;  T.::-.  i^-  1  :^  :«.\iT  forms  the  bulk  of  the  onran, 
V 1 1--  : :  -  ^li^5  ij  lir  ier::iiiiii  [urt  in  which  is  situated 
'^•i  i-j:.^  :  iJLr  ^r^:JLri.  Tbe  bice  of  the  glans possesses 
I  r  .:-i  i;L  :»,.^:;r.  .c  .-  •-.  * :,  t^hind  which  is  a  constricted 

-">-  Tit  *:t.iiT  ::  :1t  r^zis  {:«:«8ssesse5  an  apper  flattened 
-.ti-r:  .c  i  >:~L.  I's^:'  Liieril  rounded  surfaces,  and  an 
.:.:,-;.:  r._i-i  scirfi..^f  p^l-::^^iII^^  formed  of  the  corpus 

Ti ;    -. .: .  IS   i^f   i- vested    DT  thiu,   fieelT  movable  skin, 
-->-_  .T;    .:  fi.:  iz.1  Liir^     A'-ieriorlv  the  skin  forms  a 
»><  :.  .-  :i-  .  -^,  *■•-  cr  '  -^ii-.^,  which  may  either  cover 
\i    ^  i:^    .c  l*j  '.Ir^iw^  hivkwards  from  it.     The  inner 
...r  ,:  :j.c  ^..-^lu.^e  is  r>:nrc:ed  over  the  surface  of  the 
^.i-.'k  ^i  ":':ii-i  ini  b-rl.w  the  urethral  orince  forms 
1    :.  1    :,  cl.  :lr    --t*--/*    t-r.iru'.     The  inner   laver  is 
>.:^.«.:i.  :1  r,    i^i   iL.isi,   and   has   a  muco-tecumentarv 
-j-i-^i*.:cr      C*,«::::i:z^  oa  its  surface,  m^>re  esj>ec Lilly  near 
:ic  -■^r.'-iL.  ire  tie  ducts  cf  cuiiierous  sebaceous  glands,  the 
^  \^  "s  ::  r^^?*.-.  in  which  a  pe^'uliar  odorifeix)us  secretion 
.>-.rr.-:l      Tie  skin  v>f   the  glaas  itself  is  covered  with 
vijv:!-^   ini  Luzhly  sensitive   jxapiiLv,  and   is   firmly  at- 
tic i.vi  tc  ti*  snr  ic^at  sj^^n^y  tisssue  of  the  glans.     At 
:'i:  r.c:   vf  :2it  ivnis  the  integument  is  continuous  with 
t-if  i-L:nr  v*en  c:  the  purees  and  scn>tum,  and  beneath  the 
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akin  is  the  suspemory  ligament^  which  forms  a  triangcilar 
band  paasiDg  from  the  symphysis  pubis  to  the  dorsum  of 
the  penis* 

When  the  loose  integument  is  removed  from  the  penis, 
it  is  seen  to  consist  of  three  longitudinal  and  parallel 
columns,  the  two  corpora  caremoea,  and  the  corpus  spon- 
giosum urethro.  The  corpora  cavernosa  are  the  proper 
erectOe  parts  of  the  penis,  and  form  its  dorsum,  sides,  and 
root  In  the  body  of  the  penis  they  are  closely  united 
together,  but  at  its  root  they  diverge  from  each  other  and 
form  the  crura  penisy  which  are  attached  to  the  sides  of 
the  pubic  arch  in  front  of  the  triangular  ligament.  Each 
cms  iB  attenuated  at  its  attached  end,  but  in  front  of  its 
place  of  attachment  it  dilates  into  the  bulb  of  the  corpus 
cavernosum.  On  the  dorsum  perns  is  a  shallow  groove, 
which  marks  the  line  of  union  of  the  corpora  caver- 
nosa on  this  aspect  of  the  organ  :  on  the  under  surface 
is  a  deep  furrow,  in  which  the  corpus  spongiosum  is 
lodged.  Each  cms  penis,  and  the  part  of  the  corpus 
caveroosum  immediately  continuous  with  it,  is  connected 
with  the  erector  penis  muscle.  The  erector  penis,  or  ischio- 
eavemosus  muscle,  arises  from  the  inner  surface  of  the 
ischial  tuberosity  :  it  passes  forwards  in  close  contact  with 
the  under  surface  of  the  cms,  and  ib  inserted  into  the 
fibrous  coat  of  the  corpus  cavemosum. 

Structure* — ^The  corpora  cavernosa  possess  a  dense 
white  coat  of  fibro-elastic  tissue,  the  tunica  albuginea^  which 
is  not  only  prolonged  from  one  cavernous  body  to  the  other, 
bat  forms  a  mesial  septum  between  the  two.  This  septum 
is  perforated  by  numerous  slits,  which  lie  paraUel  to  each 
other,  so  as  to  give  it  a  comb-like  appearance,  hence  the 
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whidi  oontttiu  the  nreUifa,  tod  is  ntnated  oa  fhe  inferior 
or  perineal  enrCioe  of  the  penie.  It  oommenoeB  behind  in 
the  dilatation  ealled  theM6,  from  which  it  paMeafonraide 
as  a  qylindrifonn  body,  and  terminates  in  front  in  the  ex- 
panded stmctore  known  as  the  glwu  pmUi.  Its  bolbons 
commencement  is  in  contact  with  the  perineal  sorface  of 
the  tiiangnlar  ligament^  and  reoeiyea  an  investment  from 
it  The  bnlb|  and  the  part  of  the  corpos  qKmgiosnm  im- 
mediately  coDtimioiis  with  it,  are  invested  by  the  aocelentor 
iirin»  musde. 

The  aoodenacr  urimm  or  brdbo<«mrnotM9  mnsde  may 
either  be  regarded  as  a  single  mnsde*  the  two  lateral  halves 
of  which  are  united  together  by  a  mesial  tendinous  raph^ 
or  as  a  pair  of  mnsdea  It  arises  from  a  point  in  the 
perinenaii  to  which  the  levatores  ani  and  transverse 
mnsdes  of  the  perineom  eonverge,  aho  from  the  mesial 
tendinous  raph^;  the  grsatsr  nombsr  of  its  fibres  pass 
roond  the  bnib  and  ac^acent  part  of  the  oorpns  spon- 
giosum to  the  perineal  snrface  ef  the  triangular  ligament; 
but  the  moot  anterior  fibres  nm  ontwsids  around  the  side 
of  the  corpus  cavemosum,  either  to  be  inserted  into  the 
dorsum  peniSy  or  to  end  in  a  fibrous  layer  prolonged  over 
the  dorsum. 

Strueiwrt. — The  eoipus  spongiosum  posssssss  a  fibrous 
envelope,  with  trabeenlA  and  with  intertrabecular  venous 
compartments,  but  its  coat  is  thinner,  and  the  compartments 
are  fewer  and  lees  distensible  than  those  of  the  corpoia 
camraosa.  The  bulb  i^ceives  a  pair  of  special  arteries^ 
the  urteriea  to  the  bulb,  one  from  each  internal  pudic 
artery,  which  nm  fmwaids  in  the  body  of  the  corpus  spoil- 
giosum ;  the  dorsal  arteries  of  the  penis  end  in  the  ^ana 
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[  tfULs.  These  arteries  branch,  and  the  branches  for  the 
iii.^j>t  part  end  in  capillaries,  which  open  into  the  inter- 
trabeciilar  venous  compartments,  but  in  the  bulb  helicine 
arteries  are  found.  Veins  arise  in  the  corpus  spongiosum. 
some  oi  which  join  the  dorsal  vein,  whilst  others  form 
veiu<  cvTres[.K>udiug  to  the  arteries  of  the  bulb. 

The  distiuctive  character  of  the  corpus  spongiosum  is 
the  prt^^ence  oi  the  urethra  in  it.  The  s^xnigy  part  of  tL^ 
'ifrthn.i  is  alvut  six  inches  long.  It  is  continuous  behind 
with  the  membranous  part,  and  when  it  enters  the  bulb 
presents  a  dilatation.  In  front  of  the  bulb  the  urethra 
diminishes  in  calibre,  and  remains  of  uniform  diameter 
until  it  ecters  the  glans  penis,  when  it  again  dilates  into 
the  ^' ..<vi  n-ivi:uldri<.  The  fossa  terminates  anteriorly  at 
the  constricted  oritice  at  the  end  of  the  glans.  The 
urethra,  as  seen  in  transverse  section  through  the  body  of 
the  corpus  spongiosum,  is  widest  transversely;  in  the 
fi^ssa  uavicularis  it  is  widest  vertically,  which  is  also  its 
greatest  diameter  at  the  external  orifice. 

The  mucous  lining  is  covered,  except  near  the  orifice,  by 
columuar  epithelium,  and  opening  on  its  surface  are  the 
ducts  of  numerous  small  racemose  glands.  Depressions  or 
lacuna^  also  open  on  its  surface,  one  situated  in  the  roof  of 
the  fossa  uavicularis,  and  named  the  lacuna  magna,  being 
most  conspicuous.  External  to  the  mucous  membrane  is 
a  layer  of  non-striped  muscle,  together  with  a  venous 
plexus. 

The  penis  is  well  provided  with  lymphatics,  which  form 
networks  in  the  glans,  the  prepuce,  and  around  the  mucous 
membrane  of  the  urethra.  They  communicate  with  the 
ingiunal  glands  in  the  groin.     Nerves  go  to  the  skin  of 
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tlie  penis  from  the  saperficial  perineal  and  long  padendal 
nerves,  and  to  the  substance  of  the  organ  from  the  cavei^ 
nons  and  dorsal  branches  of  the  pudlc  nenre.  The  dorsal 
branch  ends  in  the  glans.  Branches  of  the  hypogastric 
plexus  of  the  sympathetic  accompany  the  arteries. 


FisMALE  Organs  of  Reproduction. 

The  essentia]  organs  of  reproduction  in  the  female  are 
two  genital  glands,  thedOyaries,  in  which  are  found  the 
Ova,  or  Oerm-ceUs.  In  close  relation  to  the  ovaries  are 
the  Fallopian  tubes,  the  Uterus,  and  Vagina,  along  which 
the  ova  are  conveyed.  Should  an  ovum  become  impreg- 
nated, it  remains  lodged  in  the  uterus  until  the  develop- 
ment of  the  embryo  is  completed.  When  the  child  is 
ready  for  birth,  it  is  expelled  from  the  uterus  along  the 
vagina.  The  Fallopian  tubes,  uterus,  and  vagina  constitute 
the  genital  tubes  and  passages.  The  Fallopian  tubes  are 
the  excretory  ducts  of  the  ovaries,  but  are  not  anatomically 
continuous  with  them.  Certain  accessory  organs,  named 
the  Par-ovaria,  the  Clitoris,  the  Nymphs,  the  YestibuLir 
Bulb,  and  the  Mammse,  are  also  present. 
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The  Ovaeies. 

The  Ovaries  are  two  flattened  oval  bodies,  in  which  the 
ova  or  eggs  are  found.  They  are  situated  in  the  pelvis,  in 
connection  with  the  posterior  surface  of  the  broad  liga- 
ments of  the  uterus  (fig.  231).  From  their  relation  to  that 
orp^n  they  necessarily  change  their  position  along  with  it, 
so  tluit,  when  it  enlarges  during  pregnancy,  they  rise  with 
it  into  the  abdomen  proper.  Each  ovary  is  about  1^  inch 
long.  "]J  inch  wide,  and  ^  inch  in  thickness.  It  is  attached 
to  the  broad  ligament  by  its  anterior  border,  which  is 
sometimes  called  the  hilu,$,  for  it  transmits  the  vessels  and 
norvos  into  and  out  of  the  organ.  Its  inner  end  is  at- 
tcnu:itovl  and  attached  to  the  upper  lateral  angle  of  the 
uterus,  by  the  llijiDntHt  of  the  ovary,  into  which  the  non- 
strijvd  muscular  fibres  of  the  wall  of  the  uterus  are  pro- 
loi.^\l.  Its  outer  end,  posterior  border,  and  its  two 
surt\u*es  ar^  free  ;  but  to  its  outer  end  one  of  the  fimbriae 
of  the  Fallopian  tube  b  often  attached. 


'.y 


StrhrtHi't  of  the  Ovary,  "■  J-      » 

The  surface  of  the  ovary  is  partly  smooth  and  partly 
markt\i  with  small  cicatrices,  which  indicate  the  spots  where 
ibe  surface  hiv?  given  way  to  aDow  of  the  escape  of  the  ova. 
The  oN'^uy  is  a  s<>;id  gland,  and  consists  of  a  soiface  epi- 
tlu!;u:u,  of  a  vascular  stroma,  of  Graafian  foUicIefi,  and  of 

0N::1. 

Tbo.^';'*jY  n  ithi^h'um  forms  a  layer  con  tinnous  with 
tlie  endvnhelial  cells  covering  the  broad  ligament  of  thu 
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uteroSy  but  is  quite  different  in  the  shape  of  its  cells.  In- 
stead of  consisting  of  squamous  oells»  it  is  composed  of 
short  columnar  cells,  which  have  granular  contents,  so  that 
the  surface  of  the  ovary  has  a  duller  appearance  than  that 
of  the  surrounding  peritoneum.  This  columnar  epithelium 
is  the  remains  of  the  germ  epithelium,  covering  the  ovary 
in  the  embiyo,  from  which  the  ova  are  derived.  The  line  of 
demarcation  between  the  columnar  epithelial  covering  of  the 
ovaiy,  and  the  squamous  endothelium  of  the  peritoneum,  is 
marked  by  a  whitish,  and  often  an  elevated,  line  sur- 
rounding the  attached  border  of  the  ovary. 

The  stroma  of  the  ovary  consists  for  the  most  part  of 
connective  tissue,  in  which  numerous  spindle-shaped  con- 
nective tissue  corpuscles  are  situated.  Immediately 
beneath  the  surface  epithelium  the  stroma  forms  the 
cortical  layer,  which  at  one  time  was  descnbed  as  a  tunica 
albuginea,  but  is  not  now  regarded  as  a  separate  coat 
The  stroma  at  and  near  the  hilus  has  been  named  the 
medullary  substance,  and  is  very  vascular ;  both  the  con- 
nective tissue  and  the  vessels  radiate  from  the  hilus  into 
the  cortical  layer.  The  medullary  part  of  the  stroma  also 
contains  bundles  of  non-striped  muscle,  which,  as  Waldeyer 
states,  lie  around  the  branches  of  the  ovarian  artery :  they 
do  not  apparently  enter  the  cortical  layer. 

The  GraafianfoUides,  ovisacs,  or  ovir{:apiule8,Kre  situated 
in  the  cortical  layer  of  the  ovary,  and  vary  much  in  ap- 
pearance with  their  stage  of  development  If  a  follicle  in 
an  advanced  stage  be  examined,  it  will  be  seen  to  possess  an 
external  envelope  of  connective  tissue,  continuous  with  the 
stroma  of  the  ovary,  and  containing  a  network  of  capil- 
lary blood-vessels.      This  forms  the  sac  or  wall  of  the 
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iJLi:  vLoh  I:;:i  a-iit  the  sorroundiitg  stroma. 
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rtlLi  w:i;,-a  o>.'::-d:ute  the  ineiiibraiia  ■jriinut'iM, 
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thn.'u;h  the  agency  of  these  cells,  and. 
i^T.-ti:iiu!jtes,  the  f.'llicle  apjToaches  tbe 
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surface  of  the  ovary  by  causing  absorption'of  the  surround- 
ing sbroma.  The  surface  of  the  ovary  then  gives  way,  the 
wall  of  the  follicle  bursts,  and  the  ovum  and  the  liquid, 
with  some  of  the  cellular  contents  of  the  follicle,  are  dis- 
charged into  the  mouth  of  the  Fallopian  tube.  The 
largest  Qraafian  follicles  can  be  readily  seen  with  the  naked 
eye,  and  measure  from  |th  to  ^th  inch  in  diameter. 
Graafian  folb'cles  of  middle  size  have  an  average  diameter 
of  about  ^th  inch,  and  contain  a  much  smaller  amount  of 
follicular  fluid.  The  smallest  Qraafian  follicles  are  arranged 
in  large  numbers  in  the  cortex  immediately  subjacent  to 
the  surface  epithelium.  They  are  about  'y^th  inch  in 
diameter,  contain  no  follicular  fluid,  and  are  lined  by  a 
single  layer  of  the  cells  of  the  membrana  granulosa,  which 
are  interposed  between  the  ovum  and  the  wall  of  the 
f ullide.     In  rare  cases  two  ova  occur  in  a  single  follicle. 

These  modifications  in  the  size  of  the  Qraafian  follicles 
are  especially  seen  during  the  sexually  active  period  of 
life.  In  children  they  are  almost  uniformly  of  small  size, 
and  number,  in  all  probability,  between  30,000  and  40,000 
in  each  ovary.  After  puberty,  from  twelve  to  twenty  or 
thirty,  may  be  seen  at  one  time  expanding  into  follicles  of 
the  largest  size,  a  change  in  condition  which  indicates  that 
in  them  the  ova  are  becoming  mature.  After  an  ovum  is 
discharged,  through  rupture  of  the  wall  of  the  follicle,  the 
chink  on  the  surface  of  the  ovary  heals,  and  forms  a  scar, 
and  the  Qraafian  follicle  becomes  occupied  by  a  yellowiah 
mass,  called  a  eorpui  Ivteum, 

The  corpus  luteum  Lb  a  lobulated  body  closely  invested 
by  the  wall  of  the  follicle,  which  possesses  about  its  centre 
an  irregularly  elongated  greyish  band,  which  is  softer  than 
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contaioB,  not  only  &  minately  granolatad  material,  bat  a 
dark  definite  apot,  the  germinal  spot  or  nadeolna,  about 
^^m^  inch  in  diameter.  The  wma  peltncida  is  appa- 
Nntly  fonned  by  a  differentiation  of  the  peripheral  parti 
of  the  yelk  protopbum. 

The  ovary  receives  ita  supply  of  blood  from  the  ovarian 
arteiy  which  enters  it  at  the  bilus. 
It  divides  into  small  branches  in 
the  fibrous  medulla,  which  pass  ont- 
warda  to  the  cortex,  and  form  capil- 
lary plexuses  is  the  walls  of  the 
Graafian  follicles.  The  veins  which 
leave  the  ovaries  form  a  well-marked 
plexus,  called  the  pampiuifDrm 
plexus,  between  the  layers  of  the 
broad  ligament.  Lymphatioa  also 
pass  out  at  the  hilns:  they  form  within  the  ovary  a 
capillary  plexus,  and  are  cootiDuoua  with  lymph  spaces 
situated  around  the  Graafian  follicles ;  according  to  His 
they  pass  into  the  anbstanoe  of  the  corpora  Inteo.  The 
nerves  proceed  from  the  sympathetic  plexus  which  accom- 
panies the  ovarian  artery,  and  have  been  traced  towards 
the  Graafian  follicles,  but  their'mode  of  termination  is  not 
known. 

Development  of  the  Ovary  and  Ota. 

From  the  observations  of  Waldeyer,  it  would  seem  that 
the  ovary  appears  as  a  thickening,  or  small  eminence,  on  the 
median  aspect  of  the  Wolffian  body  in  the  early  embryo. 
It  consiats  of  two  parts,  a  superficial  epithelium,  and  a 


m  _  ■■        ^^ 


• 

i   z.^Tr—i    z^  "^iLiffT-fT  tit 


r  Z'z::   IS  -=i-s   zist  r^^   tr*   jr-O-r-tC. 


..A.^      '^ 


:z    --      ^_  r-*-^  iT-T-^  mjr  "TitJT  -^^  litsi  icci  :li« 

iir  -  ::  t  --  *  ::i-  r  rLX-iiC  rt^m  *t  "^irili^j:!  intv  tie 
-:  -^'.^.*-  _  ;^r  ~*r7  ^^-^  T;  r^^  T^i^s  .a  TS-r^ics  parts  ci 
:--    =_^'..*-.   _: :    ?- xr  .r  "i:*  .- r:«iis;I*£5  re  iiis  iLTvIctcd 

-.>  -^:: r  -?    "i:  ^    *-ii  n  iitf  e:  rJi.-zl^-z3L  c-n  xht  free 

'  -  -*    ^^  i    -•*^  i-1^  n  is.     Tie  5cr'-fT::l*lbJ  tissce, 

r     ~..^.^    >r-  zi-k    3':v  r.cLiLir;*  s.i-tin:i€S  of  fusifonn 

::  :■-    i  ~^   ij-<i«    .— i-::i:fv'I:r^^   villi  acci-e  car^illiTT  fclcv^- 

^^  ^       *.   r-.nu-'f^zc   rrrvii  t*i:es  l^^ce  ic  it,  so  that 


OTABT.  833 

it  penetrates  between  and  around  the  ephetical  cor- 
pnecles,  and  Beporstes  tbwn  from  the  columnBr  corpusdee 
OD  the  outer  rarfaceand  in  the  involuted  germ  epithe- 
lium.  CollectionB  of  these  sphanca]  ce)b  then  become 
enclosed  in  the  substance  of  the  stroma  of  the  ovaij,  and 
form  the  egg-chaiiiB  and  egg-clusteiB  described  by  FflUger 
and  Waldeyer.  As  the  examination  of  the  developing  ovary 
la  made  by  means  of  vertical  sections  into  its  subetonce,  the 
egg-chains  appear  as  if  enclosed  in  tubes,  and  have  led  to 


the  impreesion  that  the  ovary  was  a  tubular  gland.  Bnt, 
from  Fouhs's  observations,  it  wonid  appear  that  these  so- 
called  tnbea  are  produced  by  sections  through  furrows  and 
depreesioDS  between  irregular  prominences  on  the  surface 
of  the  ovary,  which  prominences  are  owing  to  the  ex- 
pansion of  egg-clusters  situated  under  the  germ  epithe- 
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lium.  Waldeyer  believed  that  of  the  cells  in  ihs  imbeivlii 
egg-clusters,  some  developed  into  ova,  whilst  others  greatly 
multiplied  in  numbers  and  formed  the  cells  of  the  mem- 
brana  granulusa,  whilst  the  surrounding  vascular  stroma 
formed  the  wall  of  the  Graafian  follicle.  Hence  he  re^rded 
both  the  ova  and  the  follicular  epithelium  as  derived 
from  the  germ  epithelium.  The  researches  of  J.  Fouli^ 
have  led  to  a  modification  of  this  opinion.  The  primonliil 
ova  undoubtedly  arise  from  imbedded  spherical  cells  of 
the  germ  epithelium.  But  Foul  is  has  traced  delicate 
processes  of  the  connective  tissue  stroma,  with  its  charac- 
teristic fusiform  corpuscles,  penetrating  between  the  indi- 
vidual cells  of  the  egg-clusters,  so  as  to  separate  these  cells 
from  each  other,  and  to  give  to  each  cell  a  special  envelope 
of  stroma  tissue.  The  connective  tLssue  corpuscles  of  the 
stroma  are  closely  applied  to  the  peripheral  part  of  the 
yelk  protoplasm  of  the  primordial  ovum,  so  as  to  dimple 
its  surface.  The  vascular  stroma  surrounding  each  pri- 
mordial ovum  then  forms  the  wall  of  the  Graafian  follicle, 
whilst  the  fusiform  connective  tissue  corpuscles  rapidly 
proliferate  into  the  cells  of  the  membrana  granulosa,  which 
originally  form  only  a  single  layer.  According  to  this 
view,  therefore,  whilst  the  ova  are  specially  modified 
i^erm  epithelium  cells,  the  cells  lining  the  Graafian  foUicle 
are  derived  from  the  corpuscles  of  the  connective  tissue 
.stroma.  With  the  increase  in  the  number  of  the  cells  of 
the  membrana  granulosa  they  become  arranged  io  several 
layers,  and  the  discus  proligeniB  ia  produced ;  as  the 
expansion  of  the  follicle  goes  on,  the  liquor  follicuU  b 
secreted.  The  cells  of  the  membrana  granulosa  have  i 
diameter  of  about  ^^'^^th  inch. 
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The  primordial  oyujh  is  converted  into  (the  matare 
ovum,  not  only  by  growing  larger,  prindpally  by  an 
increased  formation  of  the  yelk  protoplasm,  but  by  the 
yelk  becoming  infiltrated  with  fatty  grannies.  An  invest- 
ing envelope  or  zona  peUncida  is  also  produced.  Reichert 
and  many  other  observers  supposed  that  the  zona  was 
formed  from  the  cells  of  the  membrana  granulosa  imme- 
diately surrounding  the  ovum,  but  it  is  more  probably 
produced  by  a  special  differentiation  of  the  peripheral 
layer  of  the  yelk  protoplasm.  The  germinal  vesicle  is 
the  modified  nucleus  of  a  germ-epithelial  corpuscle,  and 
as  this  nucleus,  not  only  in  the  unmodified  germ  epithe- 
lium cell,  but  in  the  early  stage  of  growth  of  the  primor- 
dial ovum,  greatly  preponderates  in  size  over  its  investing 
protoplasm,  it  seems  at  first  to  be  the  most  important 
constituent  of  the  cell.  About  the  time  of  the  maturation 
of  an  ovum  the  germinal  vesicle  has  apparently  completed 
its  function,  for  when  the  Graafian  follicle  has  burst,  and 
the  ovum  has  escaped  into  the  Fallopian  tube,  the  vesicle 
can  no  longer  be  distinguished.  The  formation  of  pri- 
mordial ova  from  the  germ  epithelium  corpuscles  comes  to 
an  end  before  the  third  year  of  extra-uterine  life.  Of  the 
many  thousands  of  primordial  ova  in  each  ovary,  only  a 
oomj>aratively  small  number  come  to  maturity,  and  the 
maturation  of  tha  ova  ceases  when  the  function  of  men- 
sstruation  terminates. 
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PJLR-OVARIUM. 


*  le  FiT^^viraai,  or  Organ  of  Rosenmiiller,  is  a  small 
ro-'T  <:r,Li,:cd  c>?twe«n  the  two  la  vers  of  the  broad  lisa- 
_::•:-:  in  :lie  int^jrv-jj  between  the  ovary  and  the  Fallopian 
:v.>e.  I:  jvr.<i<rci  of  a  group  of  short  convoluted  tubule?, 
:r...:i  :*vcl\-e  ts.  twvury  in  number,  arranged  in  a  radiated 
:r:.i::T.ir.  w.ti  tie  Kise  to  weirds  the  Fallopian  tube,  and 
•IT-.:*-  :!"::  ^1*^^  tvW-dris  the  ovary,  but  having  no  connec- 
:::ii  w::i  c::ier  stmorvire  <ng-  231).  At  the  base  a  longi- 
:  -  v.zil  :v/?^  cftes  unites  the  convoluted  tubes  together 
7-1^  I-  rr:  :.v'-il  ture  is  develv^i»eii  in  the  sheep,  cow,  and 
...^  .... ,  ^  o.:"il,  wri.-h  extends  along  the  side  wall  of  thj 
I :..-•::<  ir  I  v i^izi  to  o:vq  utar  the  oridoe  of  the  urethra. 
v':.^:  ::  „>  r^iiud  t}ie  ciuijil  or  duct  of  Gaertner.  The 
"f  :1=  V  Lr-ov^ir.vira  are  lined  by  epitheliuln- 


_-^;: 


FAIL ;n AX  TUBEiv. 

Tr.e  'fill-.iJJi  tuV^iSs  or  Oviducts,  are  not  anatomical  I  v 
.V  ::.:':: :u^  w::h  the  ovixies,  but  are  intimatelv  connected 
i»*:h  :*:.^^  sr.vnrrv-uttrju  an.c*es  of  the  uterus.  Thev  are 
t  V ;  ::•  nu-V-.V^r,  ii.vi  are  placed  one  along  the  upj»er  frve 
b.r.iiTv::  eivh  brvdd  li;rAdent.  Each  oviduct  is  fn^m  3 
t.'  -t  ir.:-:*.;f^  ui:g:  at  its  uterine  or  attached  end  it  is 
<l-:?,ier  ir.A  Ovrvt-l:kc\  but  it  ei|viuds  towards  its  outer  or 
t>ve  er..L  ^rvi  tcrr.in.tes  in  a  number  of  delicate  processes 
.-  ••//'>  f,  on<e  of  wLiv'h  is  often  attached  to  the  surface 
o:  t- e  orirr.  These  !:a:bri:e  surround  the  mouth  of  the 
ov.i.u-:.  w.i:.*h.  though  c  nstricted  at  the  ori£ce,  oj^ns 
tht'  w-  de,  trcirrvet  sh-iped  outer  end  of  the  tube. 


-  ■»  f  I 
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The  oviduct  poesesses  fom  coats.  The  external  or 
9«T<AU  coat  is  coutinuouB  with  the  peritoneum  forming  the 
broad  ligament  The  muaeular  eocU  conaiBts  of  an  external 
longitudinal,  and  an  internal  circular  layer  of  non-striped 
fibres,  continuous  with  the  muscular  wall  of  the  uterus. 
Beneath  the  muscular  coat  is  the  stibmucous  coat,  formed 
of  vascular  "connective  tissue.  The  internal  or  mucous 
coat  lines  the  Fallopian  tube,  and  is  continuous  with  the 
mucous  lining  of  the  uterus.  It  is  elevated  into  longi- 
tudinal folds,  and  is  covered  on  its  free  surface  with  a 
ciliated  columnar  epithelium ;  glands  do  not  exist  in  the 
mucous  membrane.  At  the  external  orifice  the  ciliated 
columnar  epithelium  is  prolonged  upon  the  inner  surface 
of  the  fimbriae,  and  on  these  processes  it  passes  into  the 
squamous  endothelium  of  the  peritoneum. 

Though  the  oviduct  is  not  directly  continuous  with  the 
substance  of  the  ovary,  yet  when  ova  are  being  shed, 
through  rupture  of  the  wall  of  the  Qraafian  follicles,  the 
fimbriated  end  of  the  Fallopian  tube  embraces  the  surface 
of  the  ovary,  so  that  the  ova  can  enter  its  moutL  The 
ovary  therefore  differs  from  glands  generally  in  not  having 
its  excretory  duct  directly  continuous  with  its  secreting 
structure.  The  ovum  is  propelled  along  the  duct,  partly 
by  the  movements  of  the  cilia,  and  partly  doubtless  by  a 
peristaltic  contraction  of  the  muscular  coat. 


THE  UTERUS. 

The  Uterus  is  the  important  orgaa  which  i 
oTUiu,  and  after  impregnation  retiias  it  duriag  embrf- 
onic  life,  until  its  development  being  sufficiently  advanced, 
the  period  of  parturition  arrives,  when  the  ftetus  is 
expelled  from  the  uterus.  In  the  non-impregnated  state 
the  uterus  lies  Jn  the  cavity  of  the  pelvis,  between  the 
rectum  and  the  bladder,  and  is  abont  3  inches  loau'. 
2  inches  broad  at  the  widest  part,  and  not  quite  1  incii 
thick.  When  the  ovum  b  impregnated,  the  uterus  increases 
greatly  in  size,  rises  into,  and  occupies  a  considerable  part 
of,  the  cavity  of  the  abdomen  proper. 

The  uterus  is  compared  in  shape  tn  a  pear,  and  pos- 
sesses a  fundus,  a  body,  and  a  neclc.     The  funiiu  is  tht 


broad,  free,  convex  upper  end,  and  projects  slightly  beyond 
the  place  of  attachment  of  the  two  Fallopian  tubea.  The 
body  is  elongated,  with  its  anterior  and  posterior  snrface* 
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■lightly  coavez,  and  with  its  side  nearly  straight.  The 
mtct  or  eervix  uteri  is  the  lower,  somewhat  constricted  end, 
about  one  inch  in  length,  the  wall  of  which  is  continnons 
with  that  of  the  TagiDA. 

The  Don-gravid  utenis  lies  obliquely  in  the  cavity  of  the 
pelvis,  the  fundus  is  directed  npwards  and  forwards,  the 
cervix  and  os  downwaida  and  backwards.  The  body  is 
not  qnita  straight,  bnt  is  slightly  carved,  with  the  con- 
cavity towards  the  bladder,  the  convexity  towards  the 
rectum,  The  vagina  forms  an  angle  with  the  ntems  at 
their  place  of  jonction,  so  that,  whilst  the  axis  of  the 
ntems  is  in  that  of  the  pelvic  inlet,  the  axis  of  the  vagina 
lies  almost  in  that  of  the  pelvic  outlet. 


FiO.  m— TU  pMMriM  Mrfaa  i><  tfa*  bnad  llfliBNiiU  nd  Ika  ciTltr  of  tbs 
Ulmn.  /.  fudui  6,  toij.tett,  egirtmuri:  r.  •■ginii  W.  bnxd  liawnMit! 
i.  r>llct*H  tube ;  a,  vnij  i  *!,  onrUa  11(ibkiii  ;  p,  pu4iutaw  i  r,  lamt 


The  ntems  poMCMee  a  wall  of  considerable^  bnt  not  of 
imif<nin,  thickness :  for  the  poateiior  wall  both  of  the  body 
«nd  oervix  is  somewhst  thicker  than  their  anterior  wall, 
whUat  the  sides  of  the  uterus,  at  the  junction  with  the 
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Fallopian  tubes,  are  generally  thiuner.  The  body  of  the 
uterus  is  hollowed  out  into  a  triangular  cavity,  which 
commuuicates  at  its  base  with  the  Fallopian  tubes.  The 
base  of  the  triangular  cavity  is  at  the  uterine  fundus, 
the  opposite  end  is  at  the  cervix,  where  it  communicate? 
with  the  canal  in  the  cervix  by  a  circular  constricted 
opening,  named  the  os  uteri  internum.  The  cavity  of  the 
cervix  is  elongated  and  somewhat  fusiform.  The  aperture 
of  ooiiimuuication  between  the  cervix  and  the  vagina  is 
transversely  elonurated,  and  named  the  os  uteri  externum. 
The  OS  externum  is  bounded  by  two  thick  lips,  the  pos- 
terior of  which  is  longer  than  the  anterior,  because  the 
posterior  wall  of  the  vagina  is  prolonged  higher  on  the 
uterus  than  is  the  anterior  wall.  From  the  oblique  direc- 
tion of  the  uterus,  the  anterior  lip  reaches  lower  down  in 
the  vagina  than  the  posterior  lip. 

Struct  {'re  of  the  Clerus. 

The  uterus  possesses  three  coats,  a  serous,  a  muscular, 
and  a  mucous. 

The  S('ron.<^  or  external  coat,  covers  the  posterior  surface 
of  the  neck  and  body,  the  fundus,  the  anterior  surface  of 
the  body,  but  not  the  anterior  surface  of  the  neck  of  the 
uterus  :  it  is  also  prolonged  from  the  back  of  the  cervix 
uteri  on  that  part  of  the  posterior  wall  of  the  vagina,  which 
lies  behind  the  posterior  lip  of  the  os  uterL  It  is  reflected 
from  the  sides  of  the  uterus,  as  the  broad  ligaments,  which  are 
prolonged  to  the  sides  of  the  pelvis  :  in  front  it  is  reflected 
to  the  bladder  as  the  two  utero-i*esic<tl  foids,  whilst  behind 
it  is  reflected  to  the  rectum  as  the  two  uiero-rectal  foids  of 
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peritoneam.  The  interval  between  the  uterus  and  the 
bladder,  bounded  laterally  by  the  utero-yesical  folds  is  the 
Htero-vedecU  pouch  of  the  peritoneum,  whilst  the  interval 
between  the  uterus  and  rectum,  bounded  laterally  by  the 
ntero-rectal  folds,  lb  the  tUero^rectal  pouch,  or  pouch  of 
Douglas.  Both  the  utero-vesical  and  ntero-rectal  folds  of 
peritoneum  contain  fasciculi  of  non-striped  muscle,  con- 
tinuous with  the  muscular  coat  of  the  uterus.  Those  in 
the  utero-rectal  folds  are  most  distinct,  and  extend  back' 
wards  to  the  rectum  in  the  region  of  the  second  sacral 
vertebra.  Luschka  conceives  that  they  can  draw  the  uterus 
backwards,  and  has  named  the  arrangement  the  museulus 
retractor  uteri. 

The  broad  ligaments  of  the  uterus  are  expanded  folds 
of  the  peritoneum,  which  not  only  serve  as  lateral  liga- 
ments for  the  oigan,  but  enclose  the  Fallopian  tubes,  the 
ovarian,  and  round  ligaments,  the  par*ovarium  and  the 
vemels  and  nerves  of  the  uterus  and  ovaries.  The  ovaries 
also  are  attached  by  their  anterior  borders  to  the  posterior 
surface  of  the  broad  ligaments. 

The  round  ligamertt,  or  ligamerUum  teres,  is  a  round  cord 
about  five  inches  long,  attached  to  the  upper  angle  of  the 
uterus,  below  and  in  front  of  the  Fallopian  tube.  It 
passes  forwards  and  outwards  to  reach  the  internal  or  deep 
abdominal  ring ;  it  then  enters  the  inguinal  canal,  along 
which  it  passes,  and  leaves  it  at  the  external  or  superficial 
abdominal  ring  to  end  by  becoming  continuous  with 
the  subcutaneous  tissue  of  the  pubic  region.  The  round 
ligament  is  chiefly  composed  of  non-striped  muscular 
fibres  continuous  with  the  muscular  wall  of  the  uterus,  and 
some  of  these  fibres  spread  out  between  the  layers  of  the 

3  H 
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rr.iid  li^Tjr.-fn:.     Sod^dmes  a  prolongation  of  the  peri- 
::u<i-Lzi.  zAzi-rC  tie  -I'j'xJ  :/  XH':i,  accompanies  the  round 

r^e  7iK*-<.  !.*  .■*•::  -x exists  of  non-striped  muscle  inter- 
r: ji^-ii  Tnii  iT^IjT  :I^^^ue,  arranged  so  compactly  as  to 
:.ni  tic  :ii::i.  icZ;>;?  w^  of  the  unimpregnated  uterus. 
l:i  lii  -jurr^-riiircc  utcm:?  the  muscular  wall  expands  and 
ruojC'is  lcS4>  wxoi^a^'C,  dtLrlng  the  growth  of  the  organ,  and 
:!ic  T-  -SA't:  ":ij-  cva"  -s  then  seen  to  b^  arransed  in  three  sets 
. :  i:r:Sw  Ti-:?  extcriLil  set  forms  a  thin  laver  immediatelv 
:':-:;.iii  ii<i  rer.Tv'Crn~T,  tie  £bres  of  which  extend  from 
t-i  >-^rrjt  jT^r  tie  b:o.v  and  fundus,  and  are  prolonged 
::.  tie  rjcnc  i^izient.  tie  oT-arian  ligaments,  the  wall  of 
..Tuiz.  r^res.  r^rween  tie  la  vers  of  the  broad  lii.'a- 
ts.  tie  :i:cr>rrctal  and  ntcn>T€sical  folds.  The 
i_e  5*:t  .c  i":rr^  vc^ists  of  longitudinal  and  transrerse 
.  -^ri.ci  iztcr^krv'S  in  various  directions,  especially 
iz  :ie  5:i.es  -C  tie  .ireni^s,  wien?  they  surround  the  arteries 
i-:c  v«i^z^  :£  tii  crgi-i-  Tie  inner  set  of  fibres  forms  the 
i!:  :i;>c  vdrt  :i:  tie  _ :ison'ix  cvxit.  Thev  are  arranired  in 
.x.'.-ectr.c  r.  •-r>  ir-.cni  tie  sides  of  the  fundus,  from  the 
\[.v-e  .i*  '--.rti.'c  :c  tie  Fillooian  tubes  to  the  middle  of 
:i;  >^J  --  tie  cerv'x  and  an?und  the  external  and 
::rcr:^  -S.  tiey  JLre  arring^  cirv'ulariy,  and  form  the 
>>  r<:t;ir  zt^^j^-Ies  c£  tiv«>e  regions.  The  increase  in  sire 
::  tie  --  rs^r'  i-  jvii::  dtir^ng  rnEgnancy  is  due  to  the 
:mit:;ii  cc  iilticciil  fijcicali,  and  to  a  ct^nsiderable 
:  -  :r^;'^i>e  .z  >i:^  .'£  tie  muscular  fiof^-c^Jsw 

Tie  Ti  KV*<o  7tr^:'-j:fw  lining  tiie  uieros  presents  di^er- 
c  ,:  i;.  ;c:kriz,-e^  :n  tie  cerrix  and  in  the  body  of  the 
cr-ciz-      I:i  tie  ^-errix  i:  is  elev-aied  into  two  lonjdtadinal 
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ridges,  one  on  the  anterior  and  the  other  on  the  posterior 
wall,  to  which  a  number  of  shorter  ridges,  directed 
obliquely  downwards,  converge,  the  whole  forming  an 
appearance  known  as  the  ph'csa  palmatsc  or  arbor  vitce. 
The  epithelial  covering  of  the  mucous  lining  of  the  cervix 
Is  not  at  all  times  the  sama  In  the  virgin  it  consists  of 
ciliated  columnar  cells,  which  extend  as  far  as  the  os  ex- 
ternum, where  a  squamous  and  stratified  epithelium,  like 
that  of  the  vagina  occurs.  After  the  first  pregnancy  the 
ciliated  epithelium  is  confined  to  the  upper  half  or  two- 
thirds  of  the  cervical  canal,  whilst  the  lower  part  is  lined 
with  stratified  squamous  cells.  In  the  lower  part  of  the 
cervix  vascular  papiUie  project  into  the  epithelium. 
Simple  and  branched  mucous  follicles,  lined  by  a  ciliated 
columnar  epitheb'um,  open  into  the  cervix,  and  in  addition 
clear  vesicles,  filled  with  a  yellowish  fluid,  and  named  the 
ovuia  Nabathi,  are  also  found.  In  the  pregnant  uterus 
the  glands  of  the  cervix  secrete  a  tenacious  mucous,  which 
plugs  up  the  OS  and  cervix. 

The  mucous  lining  of  the  body  of  the  uterus  is  smooth 
and  thin,  and  so  closely  set  on  the  muscular  coat  that  a 
definite  submucous  coat  can  scarcely  be  said  to  exist.  It 
18  covered  by  a  ciliated  columnar  epithelium,  the  cells  of 
which  are  not  very  elongated.  Numerous  small  openings 
exist  on  the  free  surface  of  the  mucosa,  which  are  the 
mouths  of  the  utricular  glands.  When  vertical  sections 
are  made  through  the  uterine  wall,  the  utricular  glands 
are  seen  to  be  elongated  tubes,  which  branch  once  or  twice 
in  the  course  of  their  extent  It  is  not  unusual  to  see  two 
neighbouring  glands  join  dose  to  the  free  surface  of  the 
mucosa,  and  open  by  a  common  aperture.    The  glands  do 
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not  lie  vertically  to  the  free  surface,  as  is  represented  iu 
the  well  known  diagram  by  E.  H  Weber,  but  nin  ob- 
liquely or  even  in  a  slightly  convolut«d  manner  so  thai 
in  vertical  sections  they  are  often  cut  across,  and  only 
portions  of  the  length  of  any  single  gland  can  usually 


be  seen.  The  closed  ends  of  the  glands  reach  as  far  as  ihe 
iuuermost  layer  of  the  muscular  coat,  which  sends  pro- 
longations around  the  deep  end  o!  the  gland,  and  re;</^ 
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sentB  therefore,  as  J.  Williams  has  stated,  the  muscnlaris 
mncoesB  of  the  alimentaiy  maooas  membrana  The  glands 
are  lined  by  a  columnar  epitheltum.  In  1846  Allen 
Thomson  obsenred,  though  he  did  not  record  the  fact,  that 
.the  epithelial  lining  of  the  uterine  glands  in  the  sow  was 
ciliated.  In  1852  Leydig  published  an  account  of  the 
ciliated  epithelium  of  the  glands  in  this  animal  Since 
that  time  Lott  has  recognised  it  in  the  cow,  sheep,  rabbit, 
mouse,  and  bat,  and  more  recently  Friedl&nder  and  J. 
Williams  have  observed  it  in  the  human  female.  The 
inteiglandular  connective  tissue  contains  multitudes  of 
oral  and  elliptical  corpuscles,  which  from  their  number 
give  a  marked  character  to  the  structure.  In  this  tissue 
are  distributed  small  arteries  and  veins,  united  together  by 
a  capillary  plexus,  which  is  distributed  around  the  tubular 
glandSb 

The  uterus  receives  its  supply  of  blood  from  the  two 
ovarian  branches  of  the  aorta  and  the  two  uterine  branches 
of  the  internal  iliac  arteries*  The  uterine  arteries  reach 
the  uterus  at  the  sides  of  the  cervix,  and  ascend  in  relation 
to  the  borders  of  attachment  of  the  broad  ligament, 
giving  off  numerous  branches  into  the  muscular  wall 
The  ovarian  arteries  enter  the  folds  of  the  broad  liga- 
ments, and  not  only  give  branches  to  the  ovaries  and 
Fallopian  tubes,  but  send  each  a  laige  branch  to  the  side 
of  the  uterus,  which  supplies  its  wall  in  the  region  of  the 
fundus,  and  freely  inosculates  with  the  uterine  artery. 
The  branches  of  the  arteries  in  the  muscular  wall  are 
tortuous,  and  the  number  and  tortuosity  of  the  branches 
increase  greatly  during  pregnancy.  The  uterus  is  provided 
with  numerous  veins,  which  are  thin  walled,  without  valves. 
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and  lie  in  close  relation  to  the  muscular  fasciculi.  They 
freely  communicate  with  each  other  and  give  rise  to  the 
uterine  and  ovarian  plexuses  of  veins.  During  pregnancy 
the  veins  within  the  muscular  coat  increase  greatly  in  size, 
and  form  a  cavernous-looking  arrangement  in  the  muscular 
\^-alL  Lymphatic  vessels  form  a  network  in  the  muscular 
w^  frv>m  which  larger  lymphatics  proceed,  that  pass  be- 
tween the  layers  of  the  broad  ligaments.  From  the  observa- 
tions of  Leopold,  it  would  appear  that  lymph  spaces  exist 
between  the  bundles  of  connective  tissue  of  the  mucosa, 
the  wa  Is  of  which  spaces  are  formed  of  the  flattened  en- 
dothelial cells  investing  those  bundles,  and  that  similar 
endothelial  sheaths  invest  the  glands  and  blood-vessels. 
The  nerves  of  the  uterus  arise  from  the  hypogastric  and 
s^>ermatic  plexuses  of  the  sympathetic,  and  from  the  3rd 
and  4th  sioral  nerves.  Their  arrangement  and  distribu- 
tion have  been  investigated  by  Tiedemann,  Robert  Lee, 
Snow  Beck,  and  Frankenhauser.  They  form  numerous 
plexuses,  in  which  both  medullated  and  non-medullated 
nerve  libres  and  nerve  cells  are  found.  They  are  distri- 
butevl  in  the  muscular  wall,  and  Frankenhauser  states  that 
the  dbres  can  be  traced  into  the  nuclei  of  the  contractile 
muscular  fibre-cells.  By  some  authors  the  nerves  are 
Siud  to  incrcvise  in  size  during  pregnancy. 
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THE  VAGINA. 

The  vagina  is  the  tube  which  extends  from  the  uterus 
to  the  Yvbnk,  It  is  about  5  inches  long,  and  curves  from 
above  downwards  and  forwards.  Posteriorly  it  is  related 
to  the  rectum,  from  which  it  is  separated,  in  the  greater 
part  of  its  extent,  by  the  thin  recto-vaginal  layer  of  the 
pelvic  fascia,  whilst  between  its  upper  end  and  the  rectum 
IS  the  bottom  of  the  pouch  of  Douglas,  lined  by  the  peri- 
toneum.  Anteriorly  it  is  related  to  the  bladder  and 
urethra,  the  latter  of  which  is  imbedded  in  the  anterior 
wall  of  the  vagina.  Laterally,  the  levatores  ani  muscles 
and  the  visceral  layer  of  the  pelvic  fascia  are  attached  to 
it  This  fascia  gives  a  thin  prolongation  in  front  of  the 
vagina,  which  at  the  same  time  encloses  the  urethra. 
The  upper  end  of  the  vagina  embraces  the  cervix  uteri, 
and  extends  in  a  marked  degree  higher  up  behind  than  in 
front,  so  that  the  protrusion  of  the  posterior  lip  of  the 
OS  uteri  into  the  vagina  is  much  greater  than  that  of  the 
anterior  lip.  The  lower  end  of  the  vagina  opens  in  the 
vulva,  at  the  bottom  of  the  vestibule  between  the  two 
Dymph»,  and  behind  the  orifice  of  the  urethra;  the 
diameter  of  this  opem'ng  is  somewhat  less  than  that  of  the 
tube  of  the  vagina. 

Stmdure. — ^The  vagina  possesses  an  external  coat  of 
connective  tissue  derived  from  the  pelvic  fascia.  Beneath 
this  coat  is  the  muscular  coat,  formed  of  fasciculi  of  non- 
striped  musde,  arranged  both  longitudinally  and  cir- 
cularly, which  are  continuous  above  with  the  muscular 
wall  of  the  uterus.    The  inner  coat  is  formed  of  the 
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mucous  membrane  which  is  elevated  in  the  virgin  into 
two  longitudinal  folds,  one  on  the  anterior,  the  other  on 
the  posterior  wall,  and  into  numerous  transverse  folds  ; 
these  folds  almost  entirely  disappear  in  women  who  have 
borne  several  children.  The  free  surface  of  the  mucosa 
is  covered  by  a  stratified  squamous  epithelium,  into  which 
numerous  papillce  project.  The  ducts  of  numerous  small 
mucous  glands  and  follicles  open  into  it ;  lymph  corpuscles 
and  lymph  follicles  are  also  scattered  through  it.  It  is 
supplied  with  blood  by  branches  of  the  uterine,  vesical, 
and  vaginal  arteries,  derived  from  the  internal  iliac.  The 
veins  corresponding  to  these  arteries  form  a  vaginal  plexus 
around  it.  Lymphatic  vessels  form  plexuses  in  its  wall. 
Its  nerves,  derived  from  the  hypogastric  plexus  of  the 
sympathetic,  and  from  the  4rth  sacral  and  pudic  nerves, 
also  form  plexuses  in  which  are  numerous  microscopic 
ganglia. 

The  external  orifice  of  the  vagina  is,  in  the  virgin,  to  a 
large  extent  closed  up  by  a  fold  of  the  mucous  membrane, 
named  the  Hymen,  This  membrane  does  not  form  a  com- 
]^Iete  partition,  but  is  usually  semilunar  in  shape,  with  the 
concave  free  border  directed  towards  the  pubes.  At  times 
the  hymen  passes  ccftnpletely  round  the  orifice  of  the 
vagina,  when  it  is  pierced  by  a  circular  opening  near  the 
centre.  In  rare  cases  the  hymen  is  imperforate.  The 
hymen  is  ruptured  in  the  act  of  copulation,  and  its 
remains  form  some  papillary  elevations  around  the  orifice 
of  the  vagina  called  carunrulcE  myrft/onnfs. 

The  liunH^-i'iifYmosus  mitsrlf,  or  comprefisor  bnP't,  sur- 
rounds the  orifice  of  the  vagina  and  the  wall  of  the  vesti- 
bule.    It  is  formed  of  striped  muscle,  which  arises  from 


the  central  tendinous  point  of  tlie  perineam  and  from  the 
perineal  Beptnm,  to  which  are  also  attached  the  sphincter 
sni,  tranHTeiei  perinei,  and  levatores  ani  muscles.  Its 
fasciculi  ran  forwards  and  embrace  the  bulb  of  the  Testi- 
bnle,  and  are  inserted  into  the  cms  clitoridis  and  into  the 
npper  part  of  the  bnlb.  As  its  most  anterior  fibres  are  in 
relation  to  the  nrethra  in  the  vaginal  nail,  Lnschlca  regards 
it  also  as  a  sphincter  of  the  nrethra  (fig.  333). 


The  VESTIBOLE 


the  interval  between  the  nymphe, 
ifices  of  the  nrethra  and  vagina  are  sitnated. 
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At  the  orifice  of  the  urethra  are  some  slight  folds  of  the 
inucoas  membrane.  The  Xymphce,  or  labia  minora,  are  twof 
muco-tegmnentary  folds,  which  lie  one  on  each  side  of  the 
vaginal  orifice,  and  form  the  lateral  walls  of  the  vestibule. 
When  they  are  removed  the  bulbo-cavemosus  muscle  is 
exposed,  and  situated  partially  under  cover  of  each  half  of 
this  muscle  is  a  highly  vascular  structure,  the  Buib  of  the 
vestibule.  The  vestibular  bulb  is  about  one  inch  long,  and 
consists  of  a  complicated  venous  erectile  network,  the  veins 
from  which  communicate  with  the  vaginal  plexus  of  veins 
and  with  the  veins  of  the  clitoris.  A  smaller  venous 
jtlexus  in  front  of  the  bulb  has  been  named  by  Kobelt  the 
jKirs  intermedia.  The  two  vestibular  bulbs  represent,  in 
the  female,  the  two  halves  of  the  erectile  part  of  the  bulb 
in  the  corpus  spongiosum  penis.  The  mnco-tegumentary 
surface  of  the  njTuphae  is  covered  by  a  squamous  :ind 
stratified  epithelium,  and  opening  on  its  surface  are  the 
ducts  of  numerous  small  mucous  glands. 

Two  glands,  named  the  Glands  of  BarthoHni,  or 
Durrrnei/f  or  the  r?//e'o-m^ina/  glands,  open  each  by  a  long 
duct  into  the  vestibule  close  to  the  orifice  of  the  vagina. 
These  glands  vary  in  size  from  a  pea  to  a  small  almond, 
and  lie  between  the  transversi  perinei  muscles  and  the 
posterior  end  of  the  bulbus  vestibuli.  They  are  homologous 
with  Cowper's  glands  in  the  male,  and  like  them  possess 
the  compound  racemose  type  of  structure. 

At  the  anterior  part  of  the  vestibule  is  situated  the 
Clito?-i\  a  structure  about  1^  inch  long,  which  represents 
in  the  female  the  penis  of  the  male,  but  has  no  urethra 
enclosed  in  it.  It  is  attached  to  the  sides  of  the  pubic 
arch  by  two  crura,  which  become  the  corpora  cavernosa 
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clitoridis  and  form  the  body  of  the  clitoriB.  The  anterior 
end  of  the  clitoris  forms  a  small  and  imperforate  glans,  which 
is  invested  on  its  superior  surface  by  a  preputial  fold  of 
the  integuments  The  clitoris  resembles  in  structure  the 
penis.  Each  cms  clitoridis  is  covered  by  an  erector  clitoridis 
muscle,  that  arises  from  the  ischial  tuber,  and  is  inserted 
into  the  corpus  cayemosuuL 

The  clitoris,  nymph®,  vestibule,  and  the  orifices  of  the 
urethra  and  vagina  are  enclosed  between  two  folds  of  the 
integument  named  Labia  faqjora,  or  labia  pudendi,  which 
unite  in  front  and  behind  at  the  anterior  and  posterior 
commissures.  Immediately  in  front  of  the  posterior  com- 
missure is  a  transverse  muco>tegumentary  fold  named  the 
fourchette.  In  front  of  the  labia,  the  skin  is  elevated  in 
front  of  the  pubes  into  an  eminence,  the  mons  VenertM, 
The  mons  and  the  outer  surface  of  the  labia  are  covered 
with  hairs. 

THE  MAMMABY  GLANDS. 

The  Mammary  Qlands  are  accessory  structures  to  the 
Beproductive  system,  and,  at  the  termination  of  utero- 
gestation,  are  engaged  in  the  secretion  of  milk  for  the 
nutrition  of  the  infant  They  are  two  in  number,  and 
are  situated  one  in  each  pectoral  region.  They  form  the 
rounded  eminences  named  the  breasts,  and  occupy  in 
woman,  when  gravid  or  nursing,  the  region  from  the  3ni 
to  the  6th  ribs,  and  from  the  side  of  the  sternum  to  the 
axilla.  From  about  the  centre  of  each  breast  the  nipple 
projects,  the  base  of  which  Ib  surrounded  by  a  pigment- 
stained  ring  or  areola.     The  superficial  surface  of  the  gland 
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is  in  relation  to  the  skin  and  subcutaneous  fatty  fascia : 
its  deep  surface  rests  on  the  aponeurosis  covering  the 
greater  pectoral  muscle. 

The  mammary  gland  is  divided  into  primary  lobes, 
separated  from  each  other  by  lobules  of  fat.  Each  primary 
I'jbe  is  subdivided  into  secondary  lobes,  and  these  again 
into  lubules,  whilst  the  lobules  consist  of  rounded  acini  or 
irland  vesicles.  From  these  lobules  slender  branched 
ducts  arise,  and  the  ducts  from  adjacent  lobules  join 
together  to  form  larger  ducts,  these  again  join  to  form  still 
larger  ducts,  until  at  length  from  15  to  20  large-sized 
milk  ducts  are  formed,  which  converge  to  the  nipple  to 
open  on  its  surface  by  as  mauy  orifices.  Prior  to  entering 
the  nipple  the  ducts  dilate  into  sinuses,  in  which  the  milk 
collects  during  lactation. 

The  mamma  is  a  compound  racemose  gland.  The  ducts 
are  lined  by  an  epithelium  composed  of  short  columnar 
cells.  In  the  virgin  the  secreting  cells  within  the  acini  are 
also  columnar,  but  during  lactation  they  swell  out  into 
polyhedral  ceDs,  and  the  gland  vesicles  at  the  same  time 
become  more  dilated. 

The  gland  is  supplied  with  blood  by  the  perforating 
branches  of  the  internal  mammary  artery,  the  aortic  inter- 
costals,  and  the  external  mammary  branch  of  the  axillary 
arter)^  which  end  in  capillary  plexuses  around  the  gland 
vesicles.  Corresponding  veins  accompany  these  arteries. 
The  anterior  and  lateral  cutaneous  nerves  give  branches 
to  it. 

In  the  male  the  gland  is  rudimentary,  and  the  nipple 
though  small,  is  always  present  Cases  have  been  known 
in  which  the  male  mamma  has  developed  so  as  to  secrete 


MAMMiE.  853 

milk.  Sometimes  in  yoaDg  men  at  the  time  of  puberty 
the  mamma  awellB  oat  a  little  and  secretes  a  little  thin 
fluid.  Supernumerary  mamms  in  the  human  subject  have 
been  recorded  by  W.  Gruber,  P.  D.  Handyside,  and  other 
anatomiBts. 
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comes  encloied  within  the  ftbdominal  cavity.  The  allantois  itself 
sppesrs  as  a  hollow  bud-like  diverticaluin  from  the  primltiye  hind 
gat,  and  grows  not  only  into  the  plenro-peritoneal  cavity,  but 
beyond  the  body  cavity,  so  as  to  come  into  contact  with  the  outer 
envelope  of  the  ovum,  and  assist  in  the  formation  of  the  secondary 
or  persistent  chorion.  The  wall  of  the  allantoic  bud  consists  ex- 
ternally of  cells  derived  from  the  mesoblast,  which  develop  into  a 
vascnlar  connective  tissue,  and  internally  of  cells  derived  from  the 
hypoblast,  which  form  the  epithelial  lining  of  the  sac  of  the  allan- 
tois,  and  aie  continuous  with  the  hypoblast  epithelial  lining  of  the 
primitive  hind  gut  As  the  development  of  the  walls  of  the 
abdomen  advances,  the  part  of  the  allantois  connecting  its  extra- 
abdominal  and  intra-abdominal  portions  becomes  attenuated  into  a 
slender  peduncle,  until  finally,  in  the  human  subject,  all  communi- 
cation between  the  two  disappears.  The  intra-abdominal  part  of 
the  sac  becomes  the  urinary  bladder,  and  the  attenuated  peduncle 
forms  the  urachus. 

The  Oenital  Olanda  in  the  two  sexes  arise  in  close  relation  to  the 
Wolffian  body  from  the  tame  intermediate  cell  mass.  The  develop- 
ment of  the  ovary  and  ova  has  already  been  described  (p.  832),  and  it 
has  been  shown  that  the  ova  arise  by  an  involution  and  subsequent 
development  of  the  germ-epithelium  corpuscles  covering  the  surface 
of  the  intermediate  cell  msss,  in  the  seat  of  development  of  the 
ovary  ;  whilst  the  vascular  stroma  of  connective  tissue,  the  walls  of 
the  Graafian  follicles,  and  the  cells  of  the  membrana  granulosa, 
proceed  from  the  subjacent  structures  continuous  with  the  inter- 
stitial tissue  of  the  Wolffian  body. 

The  TedicU  is  also  produced  in  the  same  locality,  but  its  tubular 
gland  structure  apparently  proceeds  from  a  differentiation  of  the 
cells  of  the  subjacent  interstitial  tissue,  and  not  from  the  super- 
ficial germ-epithelium,  which  loses  its  columnar  form  and  probably 
becomes  the  squamous  endothelium  of  the  visceral  layer  of  the 
tunica  vaginalis  testis.  In  the  human  embryo  the  sexual  distinct- 
ness of  the  genital  glands  is  said  to  be  apparent  about  the  7th  and 
8th  week,  and,  from  Kblliker's  observations,  the  tubes  of  the  testicle 
can  be  recognised  about  the  10th  week.  Subsequentiy  they  grow 
longer,  branch,  assume  their  characteristic  arrangement  and  struc- 
ture, and  form  the  tubuli  seminiferi  of  the  lobes  of  the  testis,  the 
Tssa  recta,  and  the  rate  testis.  The  more  superficial  parts  of  the 
interstitial  tissue  differentiate  into  the  connective  tissue  of  the 
tunica  albuginea. 

The  small  body  situated  at  the  summit  of  the  WoUBan  body 
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form  A  common  panage  for  a  conndenble  distance ;  but  at  their 
anterior  ends  they  always  remain  distinct.  The  further  develop- 
ment of  the  Miillerian  dncta  yaries  materially  in  the  two  sexes. 
In  the  male  they  almost  entirely  disappear,  and  are  represented  in 
the  adnlt  by  the  pednncnlated  hydatid  of  Morgagni,  situated  at 
the  summit  of  the  testicle,  which  is  the  persistent  remains  of  the 
anterior  end  of  the  duct,  and  by  the  yesicula  prostatica,  which  is 
the  conjoined  portion  of  the  posterior  ends  of  the  two  ducts  that  had 
coalesced  in  the  genital  cord.  Banks  is  of  opinion  that  the  small 
cysts,  sometimes  situated  alongside  of  the  epididymis,  may  also  be 
remains  of  the  anterior  part  of  the  Miillerian  duct. 

In  the  female  the  ducts  of  Milller  beoome  greatly  deyeloped,  and 
form  the  genital  tubes  and  passages.  The  anterior  end  of  each 
duct  remains  distinct,  and  becomes  the  Fallopian  tube,  whilst  the 
posterior  coalesced  portions  are  converted  into  the  uterus  and 
vagina.  The  greater  or  less  extent  of  this  coalescence  accounts  for 
the  production  of  the  simple  uterus,  or  the  several  varieties  of 
double  uteri  that  occur  in  different  mammals,  or  that  are  found  as 
variations  in  the  human  female.  The  tissue  of  the  genital  cord, 
which  surrounds  and  connects  together  the  WoliBan  and  Miillerian 
ducts,  becomes  converted  in  the  male  into  the  prostate  gland, 
and  in  the  female  into  the  intermediate  tissue  between  the  urethra 
and  vagina. 

In  both  sexes  the  genital,  urinary,  and  intestinal  tubes  open  on 
the  perineal  surface  of  the  embryo  by  a  common  outlet,  or  cloaea, 
up  to  the  seventh  or  eighth  week  of  embryo  life.  A  partition  then 
forms  in  this  cloaca,  which  divides  it  into  a  posterior  or  anal  part, 
and  an  anterior  part,  named  the  uro-ffemtal  nntu,  which  serves  as 
a  common  space  for  the  termination  of  the  urinary  Wolflian  and 
MiiUerian  dncta.  The  female  urethra  and  the  prostatic  part  of 
the  male  urethra,  situated  above  the  vesicula  prostatica  and  the 
orifices  of  the  ejaculatory  ducts,  are  formed  ^m  that  part  of 
the  urogenital  sinus  which  lies  above  the  orifices  of  the  Mill- 
erian  and  Wolffian  ducts ;  whilst  the  lower  part  of  this  sinus 
ultimately  forms  the  vestibule  in  the  female,  and  the  lower  part 
of  the  prostatic  and  the  membranous  part  of  the  urethra  in  the 
male. 

A  fold  appears  at  the  front  of  the  nro-genital  sinus,  named  the 
ffenital  eminence,  which  differentiates  into  the  penis  or  clitoris. 
In  the  male  it  is  grooved  on  its  under  surface,  and  this  uro-genital 
groove,  by  the  development  of  a  pair  of  folds,  which  grow  together 
to  meet  below  in  the  mesial  line,  subsequently  closes  in  to  form 
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'h"  vr^ii:?  ir.^n^j  jfTTm  TTtthn.  In  the  female  this  closure  does 
i-c  j«  iir.  ju.:  'iirt  :VlL>  ^f^w  do wTLWiris  and  increase  in  size  to 
:.rii  -ji<'  1-^1 -'LL.e.  The  urtthri  b.k?  iheivfore  no  relation  to  tlie 
..:"  r.s  -u:  i mi  inO'-r*  n^i-ntly  izto  the  vestibule,  or  persist^-ut 
'.'.  v-r  -.!.-*  :t  -.at'  ir'-v?^!!::.!!  sinii>.  The  bulbs  of  the  Testibule 
-  '  p x-n:  "iir  :c.  .'.us  raj-i  oc  ih.^  male  ccr^^us  s^^ougiosnm,  but  frcau 
:.!•  iJs^iQ— -'  :{"  i  jvniii  >i«jDci'-^uzn  iirethne  in  the  female,  they  do 
i>  :   ii'^*-.-.   Ji   the   OLt^^Lal   line  JL2.d  nrniaia  as  independent  bilateral 

A:  :he  -I'i-s  £>*.'  :t  :he  tir^:-^iiiral  sinus  folds  of  integument 
!-•  Hr.  I:i  :-iH  :^;ni.uK'  ilirv  rcnn  the  labia  majora,  and  are  sei.vinite<i 
::■  m  -^  i.  ii  .ciicr  bv  ih':'  v^rr.'-ai  ti^ure  "which  communicates  with 
:!:•  ••  >::  :i:^.-  ;  w  V'.^c  m  rii-r  male  the  two  folds  meet  in  the  middle 
L  :•'  ;c  :iie  -er^-rin:  :•?  !';rn  the  <v.n-num,  the  line  of  union  being 
• .  r'uj.11'  r::Iv  m.ir\.''L  bv  ihe  r.ii.seil  raphe  ^yi  the  scrotum. 

:i  thr'  i'-vrl 'I'Qieu:  ot  the  external  orpins  of  generation  the 
rbiiil-  i ;«  >  n ;:  :  r^^ri:  <c^  periect  a  mesial  union  of  the  originally 
bL-iic'ri.  '/lis  juj  :ik^>  T<Idoe  in  the  male,  so  that  the  female  does 
•^-  :  'Lix'ji^  <c  ^~.i:  in  a iA.-in  f.  bu:  preserves  certain  arrangements 
'A  bib  r-^T  rv^eti:  a  :rAn^i:ion.d  sta^^^  in  the  male  development.  The 
ir  .>^b  'HI  n: .  r  :be  inrercii  '^r.-an>  ia  the  two  sexes  shows  much  more 
ii:  ;  «t:il::  biv,r.:tucfs.  Tbu?^  m  the  formation  of  the  male  genital 
t  us>;u-->.  wliiUr  the  M  ilkriau  duct  takes  no  part,  the  Wolilian 
u  .  :  IS  or'iriniiry  importance.  In  the  female,  again,  the  genital 
I  ->.u"  s  A-~e  d:.i:atious  o(  the  Mallerian  ducts,  and  the  WoUhan 
•b  :  -s  10  not  .:oii:ribu:e  to  their  prv.>duction.  The  genital  glands, 
j^im.  tb.ouirh  arisLU:.:  in  both  sexes  from  the  intermediate  cell 
lud^is.  Vet  •  NV'j  iheir  esstnti.il  constituents  to  different  portions  of 
ti.a:  m  iss  oi  cebts.  For  whilst  the  ova  are  s}.»ecial  differentiations 
o:  :he  corpuscles  of  the  germ  epithelial  layer  on  its  surface,  the 
sciiiiuAl  tubes,  with  their  contents,  are  derived  from  the  subjacent 
sub-epithelial  tissue. 

OwiHg  to  these  ditlerences  in  the  development  of  the  sexual  ap- 
paratus iu  the  uuile  and  female,  the  jK>ssibility  arises  of  individuals 
l>t^iug  produ'-ed,  |K>ssessing  in  a  more  or  less  strongly  marked  degree 
the  characters  ot  the  two  sexes.  For  example,  the  want  of  union 
ot  the  two  halves  o(  the  scrotum  in  the  mesial  line  of  the  perineum 
w^^uld  cause  a  mesial  vertical  cleft  between  the  two  lateral  fohis 
of  iutegument ;  if  this  were  conjoined  with  the  want  of  union  of 
the  two  lateral  halves  of  the  urogenital  groove,  the  urethra  would 
o|)en,  not  at  the  end  of  the  penis,  but  in  the  vertical  mesial  cleft 
Externally,  therefore,  the  individual  might  appear  to  have  the 
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characten  of  a  female,  although  the  testicles  might  be  present  in 
the  dirided  scrotam,  and  the  ovaries  and  nteros  be  absent. 

Again,  in  an  individnal  otherwise  possessing  the  characters  of 
a  male,  if  the  Miillerian  dncts  were  not  to  atrophy,  but  to  undergo 
m  certain  commensurate  enlargement,  the  prostatic  yesicle  would 
not  appear  as  a  rudimentary  structure,  but  would  exhibit,  to  a 
greater  or  less  degree,  the  external  characters  of  a  vagina  and  uterus, 
situated  between  the  rectum  and  the  bladder. 

The  diiSerence  in  the  mode  of  development  of  the  testicle  and 
ovary  also  lends  countenance  to  the  possibility  of  both  kinds  of 
glands  being  produced  in  the  same  individnal,  a  condition  which 
has  occasionally  been  seen  in  certain  fish,  as  the  codfish  and  her- 
ring, bat  examples  of  the  occurrence  of  which  have  not  been  so 
definitely  ascertained  in  the  higher  vertebrates. 

It  may,  however,  be  stated  that  a' structure  sometimes  found 
closely  attached  to  the  outer  surface  of  the  human  testicle,  and 
named  by  Luschka  the  non-pedunculated  hydatid  of  Morgsgni  (to 
distinguish  it  from  the  pedunculated  hydatid  of  Morgsgni  near  the 
head  of  the  epididymis),  is,  by  the  recent  researches  of  Fleischl, 
in  all  probability  the  rudimentary  ovarium  mMculinum,  Its  outer 
eurfaoe  is  covered  by  a  cubical  or  short  cylindrical  epithelium, 
distinct  from  the  squamous  endothelium  of  the  surrounding  tunica 
vaginalis,  which  is  involuted  to  some  extent  into  its  substance. 
Its  proper  substance  consists  of  connective  tissue,  with  convoluted 
canals,  lined  by  a  cubical  or  short  cylindrical  ciliated  epithelium. 
Hence  in  the  male  a  rudimentary  representative  of  the  ovaty  may 
be  present,  though  functionally  inactive. 

The  Mammary  glands  are  developed  in  connection  with  the 
integument  of  the  pectoral  region.  It  has  been  customary  to 
regard  the  epithelial  lining  of  the  ducts  and  gland  vesicles  as  arising 
from  an  involution  of  the  cells  of  the  cuticular  epiblast,  whilst 
the  ducts  and  the  vascular  connective  tissue  of  the  lobes  proceed 
from  the  subjacent  mesoblast  From  the  recent  observations  of 
C.  Creighton,  it  would  appear  that  the  acini  of  the  gland  arise  at 
many  separate  points  quite  independent  of  the  ducts,  and  develope 
from  the  same  kind  of  cells  which  give  origin  to  the  fatty  tissue. 
The  ducts  themselves  are  formed  by  the  aggregation  of  embryonic 
cells  along  certain  lines,  and  are  formed  before  the  acini,  with 
which  they  subsequently  become  continuous.  Creighton's  obser- 
vations on  the  development  of  the  mamma  support  Qoodsir's 
view  of  gland  development,  according  to  which  a  gland  is  originally 
a  mam  of  nucleated  cells,  the  progeny  of  one  or  more  parent  cells ; 
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Ths  impregnated  oTum  imdei^goes  within  the  cavity  of 
the  atenis  those  stroetoial  changea  which  lead  to  the 
derebpment  of  the  embryo,  and  the  formation  of  the 
placenta.  The  placenta  ia  the  organ  that  eenres  as  the 
mediom  of  connection,  daring  intra-uterine  life,  between 
mother  and  foatna,  and  in  which  the  physiological  pro- 
ce&aea  take  place  that  are  concerned  in  the  nutrition  of 
the  foetoa. 

The  placenta  ia  a  compound  organ,  and  oonaiata  of  two 
aeriea  of  atractaxea,  the  one  belonging  to  the  foetna,  the 
Fcdtal  Placenta ;  the  other  to  the  mother,  the  Maternal 
Placenta.  In  the  diffnaed  form  of  placenta  occurring  in 
the  Pig,  Blare,  Zebra,  Cetacea,  Mania,  Lemura,  and  Camela, 
and  in  the  Cotyledonary  form  of  pboenta  of  the  typical 
Ruminanta,  the  foetal  and  maternal  parts  of  the  placenta 
can  be  readily  separated  from  each  other.  But  in  the 
sonary  form  of  placenta  occurring  in  the  Camiyora,  Hyrax, 
and  the  Elephant;  in  the  dome^haped  placenta  of  the 
Sloths  and  in  the  diacoid  placenta  of  the  Bodentia,  Inaeo- 
tiTosa,  Cheiroptera,  Qnadrumana^  and  the  Human  female, 
ths  foetal  and  maternal  atmcturea  are  much  more  intimately 
blended  with  each  other. 

The  F(ETAL  PtAOXVTA  ia  formed  of  certain  membranea, 
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permanent  chorion,  which  forms  the  oater  envelope  of  the 
embryo,  and  is  the  proper  medium  of  attachment  to  the 
wall  of  the  uterus. 

The  mode  of  origin  of  the  aeeandaiyot  persistent  chorion 
has  now  to  be  considered. 

From  the  margin  of  the  area  germinativa  a  delicate  fold 
arises,  which,  by  becoming  more  and  piore  elevated,  gra- 
dually  extends  itself  above  the  back  of  the  young  embryo, 
until  at  last  the  folds  from  opposite  sides  meet  in  the 
middle  line,  become  continuous  with  each  other,  and  form 
the  membrane  of  the  amnion.  Between  the  amnion  and 
the  back  of  the  embryo  is  a  space,  the  cavity  of  the 
amnion,  which  increases  in  size  by  the  secretion  of  the 
liquor  amnii  into  it  The  amnion  consists  of  two  layers, 
an  outer  and  an  inner,  and  as  it  is  derived  from  the  area 
germinativa  it  is  necessarily  continuous  with  the  blasto- 
derm. The  inner  layer  of  the  amm'on,  which  lies  next 
the  amniotic  cavity,  consists  of  tessellated  epithelial  cells, 
is  derived  from  the  epiblast,  and  is  continuous  with  the 
cuticular  layer  of  the  embryo.  The  outer  layer  of  the 
amnion  is  a  thin  stratum,  continuous  with  the  somato- 
pleure  layer  of  the  mesoblast,  and  formed  of  steUate  and 
spindle-shaped  cells,  like  the  corpuscles  of  embryonic  con- 
nective tissue.  The  amnion  is  the  most  internal  of  the 
fcetal  membranes^  and  forms  an  ovoid  bag  in  which  the 
foetus  and  liquor  amnii  are  contained. 

But  before  the  amniotic  folds  meet  to  become  continu- 
ous with  each  other,  the  free  edge  of  each  fold  is  bent  out- 
wards, and,  by  a  continuous  process  of  growth,  gradually 
spreads  around  the  ovum,  immediately  within  the  zona 
pellucida,  so  as  to  form  a  layer,  which  was  named  by  Yon 
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Baer  the  serous^  enyelope  of  the  OTnm,  bat  which  maj 
more  appropriately,  from  its  position  within  the  zona,  be 
named  the  sub-zonal  membrane.  When  the  union  of  the 
amniotic  folds  has  taken  place,  the  snb-zonal  membrane 
becomes  completely  severed  from  the  proper  amnion,  and 
constitutes  one  of  the  layers  of  the  secondary  or  persistent 
chorion.  The  sub-zonal  membrane  consists  essentially  of 
a  layer  of  cells,  which  was  originally  continuous  with  the 
cellular  layer  lining  the  inner  surface  of  the  proper  anmion, 
and  through  it  with  the  epiblast  cells  forming  the  cuticular 
covering  of  the  embryo.  But  it  is  not  unlikely  that, 
along  with  this  cell-layer,  a  thin  prolongation  of  the  layer 
of  stellate  connective  tissue  corpuscles  of  the  somato- 
pleure  layer  of  the  mesoblast  is  present.  Between  the 
8ub-zonal  membrane  and  the  proper  anmion  a  space  exists, 
continuous  with  the  general  plenro-peritoneal  cavity  of 
the  embryo,  which  is  of  interest,  in  connection  with  the 
formation  of  the  permanent  chorion,  as-  the  space  into 
which  the  allantois  grows  and  expands. 

Whilst  the  changes  in  the  epiblast  and  somato-pleure, 
which  lead  to  the  formation  of  the  amnion  and  sub-zonal 
outer  layer  of  the  persistent  chorion,  are  taking  place,  the 
hypoblast  and  adjacent  splanchno-pleure  gradually  extend 
over  the  undifferentiated  part  of  the  yelk,  which  they 
enclose  in  a  sac,  the  yelk-sacy  or  vmbilical  vesicley  and  at 
the  same  time  they  form  along  the  ventral  surface  of  the 
embryo  an  elongated  tube,  the  alimentary  canaL  This 
canal  at  first  freely  communicates  with  the  yelk-sac,  but 
as  the  walls  of  the  alimentary  canal  thicken  and  become 
more  closed  in,  the  communication  narrows,  antil  at 
length  the  omphalo-mesenteric  duct  forms  the  only  diannel 
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of  oommnnieation  between  the  nmhilical  rencle  and  the 
intestine.  In  the  aplanchno-plenre  fonning  the  wall  of 
the  umbilical  veeide,  and  in  the  corresponding  wall  of  the 
alimentary  tnbe,  blood'vesselB  are  developed.  As  that 
pole  of  the  nmbilical  yesicle,  which  lies  opposite  the 
omphalo-mesenteric  dnct  reaches,  and  is,  and  at  an  early 
period  of  its  development,  in  contact  with  a  limited  area 
of  the  sub-zonal  membrane,  the  blood-vessels  in  the  wall 
of  the  vesicle  may  be,  and  in  some  mammals  are,  conveyed 
by  it  np  to  the  sub-conal  membrane. 

In  some  mammals,  as  in  the  Pig,  Uare,  Cetacea,  and 
Rominantia,  the  umbUical  vesicle  disappears  as  develop- 
ment advances,  so  that  no  trace  of  it  can  be  seen  in  the 
membranes  of  an  advanced  embrya  In  others,  as  the 
Human  subject,  it  persists,  according  to  Schultze,  even  up 
to  the  end  of  intraruterine  life,  as  a  minute  vesicle  at  the 
placental  end  of  the  umbilical  cord.  In  the  Oamivora 
and  Pinnipedia  again  it  forms  a  well-defined  sac,  in  rela- 
tion to  the  abdominal  aspect  of  the  fcetus,  situated 
between  the  allantois  and  amnion,  and  prolonged  laterally 
into  two  horns.  In  the  Bitch  I  have  seen  its  vessels  per- 
sistent, and  forming  a  weU-defined  plexus  in  its  wall, 
though  they  did  not  reach  the  chorion.  In  the  Rabbit, 
and  probably  also  in  other  Rodentia,  the  umbilical  vesicle 
reaches  the  chorion,  and  forms  a  large  sac  in  contact  with 
a  considerable  portion  of  that  membrane,  to  which  it 
conveys  blood-vessels:  but  the  discoid  placenta  of  the 
rabbit  apparently  derives  its  festal  vessels  only  from  that 
part  of  the  chorion  which  receives  its  vascular  supply  from 
the  allantois. 

An  important  change  ako  takes  place  at  the  pelvic  eud 
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of  the  alimentary  tube.  The  small  TesLcular  outgrowth, 
named  the  allantois^  rapidly  increases  in  size,  grows  into 
the  space  between  the  umbilical  vesicle,  amnion  and  sub- 
zonal  membrane,  and  becomes  more  or  less  intimately 
united  with  these  structures,  but  more  especially  with  the 
sub-zonal  membrane,  and  its  extra-abdominal  part  forms 
a  dilated  bag,  the  sac  of  the  aUantoLs,  which  contains  the 
allantoic  fluid.  This  sac  keeps  up  its  continuity  with  the 
urinary  bladder  by  a  slender  tubular  stalk,  the  urachus, 
which  passes  through  the  abdominal  wall  at  the  umbilicus. 
The  wall  of  the  sac  of  the  allantois,  having  reached  the 
inner  surface  of  the  sub-zonal  membrane,  spreads  itself 
over  the  whole,  or  a  great  part  of  that  surface,  and  forms 
the  inner  layer  of  the  permanent  chorion.  The  allantois 
is  lined  by  an  epitheliimi  continuous  with  the  hypoblast 
epithelial  lining  of  the  intestine,  whilst  external  to  the 
epitheliimi  is  a  layer  of  connective  tissue,  continuous  with 
and  derived  from  the  splanchno-pleure  layer  of  the  meso- 
blast.  In  this  connective-tissue  layer  blood-vessels  are 
developed,  which  are  continuous  with  the  abdominal  ves- 
sels of  the  embryo.  When  the  sac  of  the  allantois  reaches 
the  sub-zonal,  or  external,  layer  of  the  pernianent  chorion, 
the  blood-vessels  are  necessarily  brought  there  at  the  same 
time,  and,  as  the  allantois  grows  to  form  the  inner  layer 
of  the  chorion,  its  blood-vessels  become  the  vessels  of  the 
permanent  chorion,  or  the  vessels  of  the  fcetal  placenta. 
These  vessels  increase  in  size  and  numbers  with  the  growth 
of  the  chorion,  their  trunks  become  the  umbilical  arteries 
and  vein,  they  enter  into  the  formation  of  the  umbilical 
cor<l,  and  pass  into  the  abdominal  cavity,  at  the  umbilicus, 
to  join  the  aorta  and  inferior  vena  cava. 
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There  are  thus  four  structures,  of  which  one  is  developed 
at  the  periphery  of  the  oYum,  whilst  the  remaining  three 


%.• 


Fio.  S34.— DUgnm  of  the  FoeUl  Membranes.  Stnictiires  which  either  an,  or 
liATe  beea  at  an  earlier  period  of  development,  contlnaoos  with  each  other  are 
represented  by  the  same  character  of  shadiag.  pe,  primitive  chorion  with  its 
TlUl ;  «r,  tub-zonal  membrane ;  E,  epiblait,  or  cotlcnlar  covering  of  emuryo 
eontinnooa  with  am^  the  amnion ;  M,  mesoblaat  forming  the  bollL  of  the  body 
of  the  embryo^  and  prolonged  into  the  wall  of  the  tac  of  the  Allantols  a/,  and 
Into  the  wall  of  the  Umbilical  Vesicle  UV.  H,  hypoblast  forming  the  epi- 
thelial lining  of  the  intestinal  tnbe  and  prolonged  into  the  wall  of  the  sac  of 
the  Allantols  and  of  the  Umbilical  Vesicle;  AC,  cavity  of  Amnion;  ALC, 
cmvity  of  AllantolSL 

ultimately  reach  the  periphery,  which  from  their  position 
may  enter  into  the  formation  of  the  persistent  chorion,  or 
outer  envelope  of  the  foetus :  viz.,  the  zona  pelludda,  the 
sub-zonal  membrane,  the  allantois,  and  the  umbilical  vesicle. 
The  structureless  zona,  with  its  simple  structureless  villi, 
which  together  form  the  primitive  chorion,  very  early  dia- 
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•pjvATis  either  by  becoming  incorporated  with  the  sec- 
svmal  luombrane,  so  as  no  longer  to  be  recognised  as  an 
indc^HMulcut  membrane,  or  by  becoming  absorbed.  The 
^uK^vuial  membrane,  or  serous  enyelope  of  the  ovum  of 
Voii  lv4or»  originally  continuous  with  the  amniotic  folds, 
,^::vl  thrvniijh  them  with  the  epiblast  layer  of  the  bksto- 
vLrm.  j>t'rsiiitss  and  forms  the  epithelial,  non-vascular  epi- 
bVdkit  Uyer  v»f  the  |>ersdstent  chorion,  and  of  the  villi  which 
i^r^.^w  trvHU  it.  The  allautois  forms  the  inner  or  vascular 
!  vvcr  v^t  the  jH^nustent  chorion,  and  the  vascular  matrix  of 
:>vO  vi'Ii ;  but  iu  some  of.  the  Rodentia  the  umbilical  vesicle 
rwu'hv'ci  and  rvrnjiius  in  coutiict  with  a  limited  portion  of 
;l\o  $ub^oual  mombnme,  to  which  it  conveys  connective 
:i^uo  a:ivl  buwivesiiels.  The  j^ersistent  chorion,  therefore, 
IS  a  vx^uiivuuvl  membrane,  prvnluced  secondarily  during 
r  o  t^rvve^  v»£  development  by  the  union  of  the  sub-zonal, 
o;  ;Mis:  momln\iu\  frv>m  which  its  epithelial  layer  is 
.Lr'wvi,  \v::h  the  allantoic  from  which  it  derives  its  blood- 
\v>^v's  and  ovnmtvtive  ti^ue ;  and  like  the  embryo  itself 
\:  arisos  !r\>tu  the  laven*  of  the  blastoderm. 

V  u'  a!l.in:ois  uiulergws  considerable  modifications  in 
lv:h  si:o  aiul  iTouo ral  dis^H>sition  in  the  different  orders 
^'t  in.tin!UAls,  lu  many  mammals,  as  the  Pachydermata, 
Uu:uvi!:t;a,  Ceta^va,  Cariiivora,  Pinnipedia,  the  Lemurs, 
a  •  \l  t  >  0  Sv*:i  I y  A  u t ea t  e rs  ( M  i «  L<),  the  sac  of  the  allantois 
i\rv:s:s  as  a  distinct  chamber,  and  contains  a  considerable 
v;uAn.:uY  v»t  allantoic  tiuiiL  Of  the  opjKisite  walls  of  the 
.vu\  :I  e  one  lines*  to  a  greater  or  Jess  extent,  the  inner 
si.rta.e  of  the  jvrmanout  chorion,  which  is  coated  there- 
to iy  bv  jh.^  epithelial  lining  of  the  allantois;  the  other 
]:'.>,>:^,  to  a  grvater  or  less  extent,  the  outer  surface  of 
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the  amnion,  which  is  covered  theieforei  in  whole  or  in 
party  by  the  wall  of  the  sac  of  the  allantois.  As  a  conse- 
quence of  this  arrangement,  the  bag  of  the  amnion  in  these 
mammals  is  altogether,  or  in  great  part,  separated  from  the 
inner  sniface  of  the  permanent  chorion. 

So  large  and  persistent  is  the  sac  of  the  allantois  in  the 
Mdinaiy  Ruminantia,  in  the  CameUdae,  Tragnlid»,  Soli- 
peda,  and  doven-hoofed  IHu;hydermata,lthat  M«  H.  Milne- 
Ed  wards  has  gronped  them  together  as  Me^allanioids  ; 
whilst  he  has  placed  the  Gamivora  and  Pinnipedia,  from 
the  smaller  size  of  the  sac  of  the  allantois,  in  a  MedoUan- 
toid  legion  of  mammals.  The  Rodentia,  InsectiTora,  Chei- 
roptera, Qnadmmana,  and  Man  are  characterised  hj  the 
small  sise  of  the  sac  of  the  allantois,  or  even  hj  its  com- 
plete disappearance  as  an  independent  chamber:  hence 
Milne  Edwards  has  gronped  them  together  in  a  MicralloH" 
taid  legion.  The  diBappearance  of  the  allantois  as  a  dis- 
tinct sac  is  correlated  with  the  great  expansion  of  the 
amnion,  and  increase  in  the  amount  of  amniotic  fluid.  As 
the  bag  of  the  amnion  expands  it  grows  outwards  towards 
the  chorion,  and  in  the  Sloths,  the  Apes,  and  the  Human 
Female,  reaches,  and  adheres,  through  the  intermediation 
of  a  gelatinous  connective  tissue,  to  the  inner  surface  of 
that  membrane,  so  that  when  the  chorion  is  cut  throu^, 
the  amnion  is  at  onoe  exposed. 

The  chorion  is  the  moet  external  of  the  foetal  membranes. 
When  first  formed,  it  is  globular  or  ovoid  in  shape*  In 
nniparous  mammals,  as  the  Sloths,  the  Apes,  and  the 
Human  Female,  where  the  uterus  is  single,  it  preeerves, 
with  but  little  alteration,  this  form  thron^out  intra-utenne 
life ;  but  in  most  uniparous  mammalSj  when  the  uterus 
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:  !s?«!$s«:s  :vo  Lcrus*  the  chorion  becomes  greatly  elongated, 
A_i  cxtecis  is  fir  as  the  ends  of  both  horns. 

1 2.  :iie  Huj^uLQ  oTxmi  all  trace  of  the  zona  pellucid  i 
h^  i:5avL>:.Ln?d  before  the  10th  dav,  and  the  secondary 
v:'i:ri:r-.  a?  Kcivhert's  observations  show,  is  then  an  epi- 
:^il:j:e\i  ziez^criiie,  with  unb ranched  villi  projecting  from, 
':^:  n.c  cv.:iiyle:ely  covering,  its  outer  surface.  At  the 
--■•i  wtt:k  :^e  chorion  is  covered  with  villi,  which  at  the 
cri  wctk  ar«  branchevi.  and  about  the  4th  week  have  ac- 
^•-L  .-^d  cI.vd-ve:?s^LN  fn>ni  the  growth  into  them  of  the 
Visksil;*  of  :I:e  dUintoisw  About  the  6th  week  some  of  the 
^:ll:  lt:\:in  :o  arrvvhv,  and  at  the  end  of  the  2nd  month, 
*!ic2.  tie  ovrLzi  his  attained  the  size  of  a  hen's  egg,  the 
\l11;  I^ive  d  <ap:^an?d  from  one  pole,  and  are  arranged 
cv:r  a  o^><vii  surface,  which  represents  the  placental  area 
:iir\.i:^.::u:  the  remaining  period  of  gestation.  In  the 
r  iture  i  '.wt:r.:a  the  villi  are  verv  arborescent,  and  extend 
:r.  Ill  the  ohorionio  to  the  decidual  surface  ;  the  terminal 
lrjLr.oht<,  whi.h  lie  next  the  decidua,  being  attached 
to  tlii^  J ... cental  surface  of  that  membrane.  The  chorion 
ar  i  the  basis  substance  of  each  villus  are  formed  of  a  gela- 
;:*:o;:s  cv  iinective  tissue  continuous  with  a  similar  tissue 
in  the  unib'Llioal  cord.  In  it  the  branches  of  the  umbilical 
vessels  raiiiiry.  and  the  capillaries  form  simple  or  some- 
times double  looj^  in  the  collateral  terminal  branches  of 
the  vi.li.  Each  villus  is  invested  by  a  layer  of  cells,  which 
h  ive  been  rvcognisevi  by  anatomists  since  Dalrymple  figured 
thcui  upwards  of  thirty  years  ago,  and  to  which  Goodsir 
c^ve  the  name  of  the  external  cells  of  the  villus.  These 
cells  are  somewhat  flattened,  though  not  squamous,  are 
rectangular  in  outline,  and  closely  applied  to  each  other 
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bj  their  margins,  so  that  they  form  a  contimioiis  layer. 
This  layer  of  cells  can  be  peeled  off  the  viUas,  and  be- 
longs, as  was  stated  by  Ooodsir,  to  the  cellular  stmctore 
of  the  decidua,  which  has  become  adherent  to  the  villi  in 
the  coarse  of  the  development  of  the  placenta. 

The  MATBByAL  Placbnta  is  formed  by  a  special  modi- 
fication of  the  uterine  mucous  membrane. 

When  the  fertilised  ovum  is  received  into  the  cavity  of 
the  uterus  the  mucosa  undergoes  important  changes.  It 
swells  up,  becomes  thicker,  softer,  and  more  vascular.  Its 
epithelial  covering  loses  its  columnar  form;  its  glands 
enlarge,  and  their  orifices  become  more  distinct ;  the  inter- 
glandular  tissue  increases  largely  and  rapidly  in  quantity, 
by  a  multiplication,  not  only  of  the  cells  of  the  surface- 
epithelium,  but  by  a  proliferation  of  the  coipuscles  of  the 
sub-epithelial  connective  tissue,  so  that  the  glands  are 
separated  from  each  other  by  a  much  greater  amount  of 
interglandular  tissue  than  in  the  non-gravid  state ;  the 
blood-vessels  not  only  increase  in  numbers  but  in  size. 
At  the  same  time  the  free  surface  of  the  modified  mucosa 
becomes  divided  into  a  number  of  irregular  areas  by  fur- 
rows, and  on  the  free  surface  of  these  areas,  more  espe- 
cially near  the  furrows,  the  mouths  of  the  utricular  glands 
may  be  seen  to  open  in  considerable  numbers.  The  modi- 
fied mucosa  constitutes  the  decidua  vera  or  uUriiu^ 

The  fertilized  ovum  attaches  itself  to  the  surface  of  one 
of  these  areas ;  and  the  decidua,  immediately  surrounding 
the  place  of  attachment,  grows  around  the  ovum  so  as  to 
enclose  it  and  to  form  the  decidua  rtflexa  or  decidua  ovuli; 
the  place  of  junction  of  the  decidua,  growing  up  from 
opposite  sides  of  the  attached  border  of  the  ovum,  being 


S72  ANATOMY. 

m.^rkeii  by  a  pellucid  spot  named  the  umbilicus  or  scar. 
The  ovum  is  thus  enclosed  in  a  distinct  chamber,  the 
t>j"<  ;rA>H^«  or  ovular  chamber,  and  the  decidua  reflexa  shuts 
off  the  ovum  from  the  general  cavity  of  the  uterus.  The 
five  surface  of  the  decidua  reflexa,  except  at  and  close  to 
the  scar,  is  perforated  by  the  mouths  of  the  enlarged  utri- 
cular glauds.  Dilated  veins  continuous  with  those  in  the 
devidua  uteri  are  prolonged  into  the  decidua  reflexa. 

The  (x^rtion  of  the  decidua  uterina,  forming  the  surface 
of  the  area  to  which  the  ovum  becomes  attached,  under- 
gvvs  a  great  development,  forms  the  maternal  part  of  the 
pUccnta,  and  is  named  the  decidua  plaeentalU  or  the 
K:<'cUua  serofina^  In  two  specimens  which  I  examined  at 
alvut  the  3rd  or  4th  week  of  utero-gestation,  I  found  the 
surface  of  the  decidua  serotina  next  the  ovular  chamber  to 
Ih?  suKlivided  into  shallow  irregular  spaces,  occupied  by 
the  villi  of  the  chorion.  The  decidua  was  nearly  -^ths  inch 
iu  thicknes:^^  and  had  a  loose  spongy  appearance.  On 
making  vertical  sections  it  was  seen  to  contain  numerous 
cells,  some  of  which  were  polygonal,  others  rounded,  and  of 
Lirp?  size,  and  with  large  nuclei ;  others  were  caudate, 
and  K'tweeu  the  cells  was  a  delicately  fibrillated  connective 
tisc>iie.  Amidst  this  cellulated  tissue  numerous  dilated 
vesi>ols  were  also  seen  in  section,  many  of  which  were 
eutiivly.  or  to  a  large  extent,  filled  with  blood  corpuscles. 
Those  dilated  vessels  were  neither  arteries  nor  veins,  but 
dilated  capillaries,  for  they  possessed  merely  a  simple 
cellular  wall,  fused  with  that  of  the  tissue  in  which  they 
were  situated.  At  this  early  period  of  gestation,  therefore, 
the  capillaries  of  the  uterine  mucosa  in  the  placental  area 
exhibited  a  sinus-like  dilatation.     Here  and  there  an  utii- 


PLACENTA.  873 

cular  gland  might  be  seen  either  longitudinally  or  trans- 
versely divided,  bat  the  number  of  glands  in  a  given  area 
was  much  fewer  than  in  the  non-impregnated  mucosa,  so 
that  the  increase  in  area  of  the  decidua  was  obviously  due 
to  a  great  increase  in  the  amount  of  interglandular  connec 
tive  issue. 

The  villi  of  the  chorion  were  intimately  adherent  to  both 
the  surface  of  the  decidua  reflexa  and  the  serotina  forming 
the  wall  of  the  ovular  chamber.  This  adhesion  was  due  to 
an  up-growth  of  the  decidua  between  and  surrounding  the 
villi,  so  that  the  fixing  and  interlocking  of  the  foetal  and 
maternal  structure  seem  to  be  due  to  a  coincident  growth 
both  of  villi  and  decidua,  whereby  the  villi,  even  at  this 
early  stage  of  placental  development,  are  ensheathed  by  the 
ceU  structures  of  the  decidua 

It  has  been  customary  for  anatomists  to  state  that  the 
attachment  of  the  villi  to  the  decidua,  not  only  in  the 
human  placenta,  but  in  placentie  generally,  is  due  to 
the  penetration  of  the  villi  into  the  tubes  of  the  dilated 
utricular  glands.  The  researches  made  by  Ercolani  and 
by  myself,  during  the  last  few  years,  on  the  various  forms 
of  placenta  in  different  groups  of  mammals,  have  however 
shown  that  the  villi  are  not  lodged  in  these  glands,  but  are 
received  in  ciypt-like  depressions  on  the  surface  of  the 
mucous  membrane,  formed  during  gestation  by  a  hyper- 
trophy and  folding  of  the  mucous  surface.  For  not  only  are 
the  glands  much  fewer  in  number  than  the  villi  and  the 
crypts  which  contain  the  villi,  but  in  many  mammals,  as 
the  pig,  the  mare,  the  lemurs,  and  the  true  ruminants,  the 
glands  can  be  seen  to  open  on  the  free  surface  of  the  uterine 
ni  aeons  membrane  in  areas  quite  distinct  from  the  crypts. 

3  K 
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This  arrangement  applies  also  to  thehominpUcnta; 
for  the  utricnlar  glands,  which  open,  on  the  fiee  auftce  « 
the  decidoa  serotina,  into  the  oYolar  chuoher,  ir  mask 
fewer  than  the  villi  of  the  chorion  attached  tu  that  nm^ 
of  the  chamber ;  whilst  the  uterine  glands  in  die  dernu 
reflexa  open  on  that  surface  of  the  decidoa  whidi  is  les 
the  general  cavity  of  the  utema.  The  np-growtb  of  tht 
decidua  around  the  villi  of  the  human  chorioo  ire  t(» 
parable  therefore  with  the  foldings  of  the  aterioe  oneffa. 
which  in  the  cat,  pig,  cow,  and  other  mammab  coosututt 
the  walls  of  the  crypts  in  which  the  villi  are  lodged. 

But  the  interlocking  of  the  foetal  and  miteraal  pxt» 
of  the  human  placenta  may  be  advantageously  stwiied  •■: 
a  later  stage  of  development.  About  the  5th  mootli,  vhn 
the  decidua  reflexa  and  the  villi  connected  with  the  i:«  & 
placental  area  of  the  chorion  have  atrof^ued,  vhiht  ti? 
vilb*  in  the  placental  area  have  nndeigone  a  great  uKiei^* 
both  in  length  and  in  the  number  of  branches,  the  ^tnt*-* 
has  then  assumed  a  definite  discoid  foim.  Well-Btri^ 
bars  or  dissepiments  of  decidua  serotina  pass  thrMch  th 
thickness  of  the  placenta  as  far  as  the  chorion,  aod  dsy.u 
it  into  lobes  or  cotyledons.  Numbers  of  more  ikoi^ 
decidual  bands  pass  into  the  substance  of  each  lobe,  (ar-T 
from  the  surfaces  of  the  dissepiments,  and  partly  fna  u- 
general  surface  of  the  serotina  between  the  dimfiotC^ 
These  bands  give  rise  to  still  more  dehoate  oAhouCa»  whh  ^ 
form  a  microscopic  intraplacental  trabecular  ananp^''' 
in  the  interspaces  of  which  the  villi  are  lodged.  Th^ 
intraplacental  prolongations  of  the  decidua  are  spH^  ^ 
the  stems  and  branches  of  the  chorionic  vilK,  and  the  i^* 
spaces  containing  the  villi  are  companble  to  the  oi*^-^ 
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of  the  crypts  in  the  placenta  of  the  pig»  fox,  bitch,  sheep, 
and  other  mammalH. 

The  bauds  of  decidoa  principally  consist  of  large,  dis- 
tinctly nucleated,  rounded  or  polygonal  ceUs,  lying  in  a 
delicately  fibrillated  connective  tissue.  The  more  slender 
offshoots  contain,  at  their  origin,  similar  cells,  but  to  a  large 
extent  are  made  up  of  delicate  fibrillated  connective  tissue 
containing  scattered  corpuscles.  Although  this  tissue  is 
often  in  close  apposition  to  the  villi,  it  may  be  separated 
from  it  by  appreciable  intervals,  and,  from  its  extreme 
delicacy,  has  the  appearance  as  if  it  were  being  so  attenu- 
ated by  the  growth  and  expansion  of  the  pUoenta,  that  it 
is  undergoing  atrophy.  The  maternal  blood-vessels,  the 
capillaries  of  which,  as  already  stated,  have  dilated  into 
sinuses,  are  also  prolonged  into  the  placenta,  along  with 
the  cellular  structures  of  the  decidua  serotina,  so  that  the 
dilated  vessels  of  the  modified  uterine  muoons  membrane 
are  brought  into  rektion  with  the  vascular  villi  of  the 
foetal  chorion. 

In  the  placenta,  at  and  near  the  full  time,  the  growth 
and  expansion  of  the  organ  have  made  so  great  an  ad- 
vance, that  the  original  rektions  of  its  fcetal  and  maternal 
constituents  have  become  greatly  modified,  so  that  some 
observers  have  questioned,  though  erroneously,  if  maternal 
structures  enter  at  all  into  its  internal  construction. 

The  Mature  Placenta  presents  the  appearance  of  a  disc- 
shaped  ipoBgy  cake,  from  7  to  9  inches  in  diameter,  and 
about  I  inch  thick  about  its  centre,  where  the  umbilical 
cord  is  continuous  with  its  chorionic  surface ;  towards  its 
oircumforence  it  is  always  somewhat  thinner.  Its  inner  or 
chorionic  surface  shows  the  ramifications  of  the  umbilical 
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-    -.  :>     .^>?  :iii^  3~Tr--.  :.Llar  viisscT-inientsare  often 

■      .    _       >c^  ij^r  z«  c  ^Mzirlrtelv  shut  uff  irom  each 

>..:..-  7 r  L^r^c-;^  >!!  tl-e  dz'::i:ia  senz'tina  proceed 

_   —  ^    _:--   siTT ..-'-:    ::  tlf  dissc'.  iziems  and  from  the 

-  .  -_  <:.-'...'::  .:■_::  >cr:rza  i?dz=rillv.  into  the  interic>r 

.  -.>.  :  IT  ^icv  -az.  cciv  l^  tricrd  for  a  short  dis- 

-  as-  ^ :  -  i,  z  c  :  r:z.  A  cv.cr:::i:o-a5  framework  of 
/  -.^  li^.-f.  f^L-i  is  :;ii>rs  ir  the  jlacenta  at  the  fifth 

.  ^  T'-  i.-aTc  t^L-^-L^s  :i  drvid::a  niiv,  however,  occa- 
:. .       >  s^c^i  T-^c-^i^  *:cr«-et:^-  the  villi  and  connecting 

..   :  .  . :  •'  x-:.!  rj.^.1  ::l=r.  tct  with  the  decidual  dis- 
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sepiments,  or  with  the  general  sarface  of  the  serotiQa. 
These  threads  are  without  question  the  remains  of  that 
intraplacental  arrangement  of  decidua,  occurring  so  abun- 
dantly at  the  fifth  month,  but  which  has  become  attenuated 
and  atrophied,  in  the  fully  formed  placenta,  in  correlation 
with  the  great  expansion  of  the  intra-placental  maternal 
sinus  system. 

A  number  of  peculiarly  tortuous  arteries,  continuous 
with  the  convoluted  uterine  arteries  in  the  muscular  wall, 
and  named  the  curling  arteries  of  the  placenta,  pierce  the 
decidua  serotina,  and  open  on  its  placental  surface  by 
obliquely  directed  mouths  situated  between  the  terminal 
branches  of  the  villi  attached  to  the  decidua  serotina.  The 
decidua  serotiua  is  also  traversed  by  dilated  uttro-placental 
veinSf  which  communicate  with  the  venous  sinuses  in  the 
muscular  wall  of  the  uterus.  The  utero-placental  veins 
form  in  the  decidua  serotina  a  system  of  intercommunicat- 
ing sinuses.  Some  of  these  veins  are  prolonged  into  the 
decidual  dissepiments  between  the  placental  lobes ;  others 
lie  in  the  thickened  border  of  the  decidua  surrounding  the 
circumference  of  the  placenta,  where  they  form  the  so- 
called  circular  sinus  of  the  placenta.  Not  only  the  circum- 
ferential, but  the  other  utero-placental  veins  freely  com- 
municate with  the  interior  of  the  placenta,  but  their  mode 
of  opening  into  it  is  peculiar.  Instead  of  possessing  large 
patent  mouths,  the  wall  of  the  vein,  where  it  Ues  in  relation 
to  the  interior  of  the  placenta,  is  perforated  by  one  or 
more  small  apertures,  so  that  it  possesses  a  cribriform 
appearance ;  and  not  unfrequently  a  terminal  offshoot  of  a 
placental  villus  may  be  seen  to  protrude  through  one  of  these 
small  holes  in  the  venous  coat  into  the  lumen  of  the  vein. 


:.  iLi3  :iie  ocKiag  arteries  and  utero- 
L  'o^'  iJ!ji  i=:edor  ot  ibe  pkceaU,  so 
•:-rzAi  ':^-  .:c  -■-  »rs  jhnju^h  the  pWeota 
1   -Jim    :-::r.LZ^  irt^ries  to  the  utero- 

.  kT:k.-^!i«i  ^.i  ib«  nt<;nis,  the  spaces 
>^ri  »— ■:!  :ii;  ciitcnial  bimni  cir- 
■.r---ti  ji.ii.;r  :7-=;  lis  uteriae  arteries 
i  s  a_-i:;d  : 'ii.-i::i".A,  it  an  injecting 
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the  ntero-placental  veins  may  be  injected  from  it.  The 
Bpaeee  in  the  interior  of  the  placenta  for  the  transmie- 
aton  of  the  maternal  blood  have  been  variously  termed  the 
cavernous  spaces,  the  placental  sinuses  or  lacunas,  the  cells 
of  the  placenta,  the  intervillal  spaces,  and  the  placental 
bag  or  sac;  they  freely  communicate  with  each  other, 
not  only  in  the  same  lobe,  but  in  adjacent  lobes,  through 
imperfections  in  the  interlobular  dissepiments.  These 
spaces  belong  to  the  maternal  vascular  system,  and  they 
are  obviously  an  expansion  of  the  dilated  capillaries  to  be 
seen  in  the  decidua  serotina  as  early  as  the  first  month  of 
gestation.  Owing  to  the  expansion  of  the  intra-placental 
maternal  capillaries  into  these  irregular  sinuses,  a  thinning 
and  expansion  of  the  vascular  wall  has  at  the  same  time 
taken  place,  so  that  it  cannot,  as  a  rule,  be  recognised  as  a 
distinct  layer  bounding  the  maternal  sinus ;  but  one  may 
sometimes  see  a  layer  of  great  delicacy  on  the  exterior  of 
the  villas,  between  its  cellular  covering,  already  described, 
and  the  maternal  blood  space,  which  from  its  position 
represents  the  wall  of  the  intra-placental  maternal  vessels. 
As  to  the  cellular  investment  of  the  villus,  at  first  sight 
it  may  appear  to  be  only  its  proper  epithelial  covering 
derived  from  the  outer  epithelial  layer  of  the  chorion.  But 
the  cells  are  not  squamous ;  they  differ  therefore  from  the 
epithelial  covering  of  the  chorion,  and  can  readily  be 
stripped  off  the  villi  I  am  of  opinion  that  they  are  de- 
rived from  the  intra-placental  prolongations  of  the  decidua. 
Through  the  expansion  of  the  maternal  sinuses,  the  cells  of 
the  decidua,  situated  superficially  to  the  diluted  capillaries, 
have  been  pressed  so  closely  to  the  villi  as  to  become  incor- 
porated with  them,  and  apparently  to  form  a  part  of  their 
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texture.  This  opinion  is  based  not  only  on  the  emmiwiti.  i 
of  the  human  placenta,  but  on  the  study  of  theoMiiptratiTe 
anatomy  of  the  oi^n  in  a  considerable  number  of  inamTOS. 
For  in  every  case  a  layer  of  maternal  epithehum,  deriTed 
from  the  uterine  mucosa,  was  found  interposad  between  tin 
foetal  vessels  of  the  chorionic  villi  and  the  vessels  of  the 
maternal  part  of  the  placenta ;  whether  the  matenisl  vessels 
were  simple  capillaries,  as  in  the  diffused  and  ootykdosan 
forms  of  placenta,  or  dilated  capillaries,  as  in  the  200^7 
placenta,  the  dome-shaped  placenta  of  the  sloth,  or  th- 
discoid  placenta  of  the  ape  and  the  human  female. 

As  regards  the  function  of  this  layer  of  epitbditi. 
throughout  the  placental  series,  I  agree  with  Eitolsm  i^ 
regarding  it  as  a  secreting  epithelium,  which  separates  ui 
prepares  from  the  maternal  blood  a  secretion,  to  l^ 
absorbed  by  the  vessels  of  the  chorionic  villi,  and  apii^  - 
to  the  nutrition  of  the  foetus.  The  passage  of  mater, 
from  the  maternal  to  the  foetal  system  of  vBssels  is  i  ■' 
a  simple  percoUtion  or  diffusion  through  their  walk  U' 
is  occasioned  by  the  action  of  cells.  The  placenta.  ^  *: 
in  its  function  and  in  the  relative  arrangement  c(  r 
constituent  textures,  is  therefore  a  specially  moia 
secreting  gland,  the  excretory  apparatus  of  which  • 
represented,  not  by  a  system  of  ducts^  but  by  the  U  ^' 
vessels  of  the  foetal  villi 
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Acetabulum, 
Adenoid  tissue, 
Adipose  tissue. 
Air  vesicles, 
AllantoU,     . 
Alimentary  caaal, 
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Annulus  ovalia,    .  .    401 

Antihracbium,  ...  87 
Anterior  cerebral  vesicle,  .  218 
Anterior  commissure,  292, 212, 223 
Antrum,  ....  31 
Anterior  elastic  lamina,  .  332 
Anterior  intercostal  flbrons 

membrane,    .        ,        .    t)08 
Anterior  nares,     .  .    822 

Appendicular, ....  6 
Appendicular  skeleton*  .  936 
Appendix  vermiformia,  718,  776 
Aponeurosis,  ...  78 
Aqueduct  of  Sylvius,  218, 260,  281 
Aqueous  humour,  829, 347 

Arachnoid  mater,  .    219 

Arbor  YitsB.  ...    256 

Ardform  flbres,    .  .    246 
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Area  germinativa,  862 

Arrectores  pill,                     .  390 

Arteries,       ....  414 

Arteries,  structure  of,  .        •  498 
Arteries,  description  of~ 

abdominal  aorta,   .        .417 

acromial  thoracic,.  448 

alar  thoracic,  .  443 
anastomotic  artery,  446,  476 
aorta,  .  .  407,417 
aortic  or  systemic  group, 

of  arteries,         •        .417 

arch  of  the  aorta,  .  417 

arteria  innominata,  434 

articular,                       .  476 

arteris  receptaculi,  459 

anterior  cerobral,  .        •  461 

anterior  drcumflez,       .  443 

anterior  communicating,  462 
anterior    and   posterior 

ethmoidal, .        .       .  460 

anterior  interoaseus,  447 

anterior  intercostals,      .  440 

anterior  median,    .        .  437 

anterior  perforating,      .  485 

anterior  peroneal, .        .  488 

anterior  radial  carpal,    .  452 

anterior  spinal,              .  437 

anterior  tibial,               .  480 

antenor  ulnar  carpal,    .  448 

anterior  ulnar  recurrent,  447 

ascending  cervical,         .  438 

aseendingaorta,             .  418 

ascending  pharrngeal,  .  467 

ascending  palatine,        .  466 

auditory,       ...  438 

angular,                       .  466 
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Asteries,  description  of— 
auricular, 
azillaiy,   ^     . 
azygos  articular,    . 
basilar, 
brachial, 
bronchial, 
buccal,   . 
of  the  bulb,   . 
calcaneal, 
capsular, 

centralis  relins,    . 
choroid, 
ciliary,  . 

circle  of  Willis,      . 
claYicular  thoracic, 
coccygeal, 
ooeliac  axis,    . 
collateral,    ^ . 
communicating,     . 
common  carotid,    . 
common  iliac. 


FAOS 

467 

.  441 

.  488 

.  430 

.  444 

422,  640 

.  468 
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.  462 

.  443 

.  490 

.  423 

.  414 

.  483 

.  456 

.  471 

comes  nervi  ischiatid,  .  490 
coronary  branches^     421,  466 

coronaria  ventriculi,      .  423 

cranial,  .        .        .        ;.  467 

crico-thyroid,        .        .  464 

curling,         .         .        .  877 

cutaneous,      .     476,  480,  485 

deep  cervical.         .        .  440 

deep  circumflex  iliac,    ^  473 

deep  epigastric,      .        .  472 

descending  palatine,      .  469 
descending  thoracic  aorta, 

417,  418 
digital,  .        .        .    450,  485 

dorsal,   ....  489 

dorsal  artery  of  the  foot,  481 

dorsal  branch  for  index,  452 

dorsal  branch  for  thumb,  452 

dorsalis  hallucis,    •        .  482 

dorsal  interosseous,       .  452 

dorsalis  linguBB,     .        .  465 

external  carotid,    .        .  463 

external  circumflex,       .  477 

external  iliac.        .        .  472 

external  malleolar,        .  481 

external  plantar,    .        •  483 

extra-pentoneal  plexus,  432 

extrapleural  plexus,     .  433 

facial,    ....  465 

femoral,         .        •        .  473 

first  digital,   ...  482 
frontal, .       .                 .460 


Arteries,  deMriiition  of— 
gastro-dnooenal,  . 
glandular,     . 
elttteal, 
hepatic, 

humeral  thonck, . 
hyoid,   .       « 
hypogastric,  . 
ileo-colic 
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ilio-lumbar,  . 
inferior  dental, 
inferior  cerehellsr, 
inferior  exterailirticulir.  ^^ 

inferior  homoiTfaoidil  •  ^" 
inferior  intanal  ntknitf, « * 
inferior  labial,  -  •  J[* 
inferior  mesolcrie,  •  V 
inferior  muscobr  or  ion..  ^' 


*". 


inferior 

denal. 
infra-orbital, . 
inoecoUtioo  <* 

mosis,        • 
intercostal,    . 
internal  caivtid,    • 
internal  dicaxnilcx, 

internal  iliac, 
internal  malleolar, 
internal  mammary, 
internal  maxiUaiyt 
internal  plantar,    • 
internal  or  deep  padk^ 
inferior  profunua, 
.  inferior  thyroid, 
inferior  vesical, 
interosaeoQS, . 
intestinal, 
lachrymal, 
larynkeal,      . 
lateral  nasal, 
lateral  aacral, 
left  colic, 
left  coronary, 
left  gastro-epiplok. 
left  pnlffionaiy. 
Ungual, . 
long  thondtc, 
lumbar, . 
magna  poU]di» 
maisinaL 
maaseterie,    . 
median,, 
madiastinal,  . 
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Arteri«t,  detcripliaii  of— 

meninffMl,  .  4iS,  467, 460 
mental, ....  468 
meUtanal,     .  481 

middle  cerebrml,    .  460 

middle  colic, .  .  .  426 
middle  hcmorrlioidal,  .  487 
middle  ucnl,  .  417,  430 
mnRcttlar,   487,  445,  448, 

460,  476.  481,  48^  483,  484 
moscnlo-phrenie,.  .  439,  440 
DMal,  ....  460 
nutrient,  446,  448,*477, 

482,  488,  487 
obtantor,      .        .  490 

occipital,  .  .  466,  467 
oesophageal,  .  .  428,  438 
ophthalmic,  .  .  .  460 
ovarian,  428,  831 

palmar  interossei, .  .  454 
palpebral,  .        .     460 

pancreatic.  .  .  .  425 
parietal  branchee  of  aorta,  428 
pectonl  thoracic,  .  443 

pericardial,    .  .    423 

perforating,  488,  439,  454. 

460,477 
peroneal,  .  .  .483 
phrvnic,  .  .  .  430 
plantar  arterial  arch,  .  484 
popliteal,  .    478 

posterior  auricular,  467 

posterior  cerebral,  .     438 

posterior  circumflex,  443 

posterior  communicating,  462 
posterior  facial,  .  .  466 
posterior  interosseous,  .  448 
posterior      interosseous 

recurrent,  .  448 

posterior  perforating,  .  485 
posterior  radial  carpal,  452 
posterior  scapular,  .  439 
posterior  spinal,    .  437 

posterior  tfbia],  .  .  482 
posterior  ulnar  carpal,  .  448 
posterior  ulnar  recurrent,  447 
pnnoeps  oenrida,  .  .  467 
profunda  or  deep  femo- 
ral, ..  .  449,476 
pterygoid,  .  .  .  468 
pierygo-palatine,  .  .  469 
pulmonary,  .  .  404, 639 
pulmonary  group  of  ar- 
teriea^        ...    416 


Arteries,  deacriptioii  of-— 
pyloric, 
radial, 

radialis  indicia, 
radial  recunent,    • 
ranine. 
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425 
451 
454 

452 
465 


recurrent,  450, 454 

recurrent  tibial  articular,  481 
renal,     .  .    428, 787 

right  colic,  .  •  .  426 
right  coronary,     .  421 

right  gastro-epiploic,  .  425 
right  pulmonary,  .  .  416 
sciatic,  .        .  490 

second  digiUl,  .    482 

peptal  ....  466 
short  thoracic,  441 

sigmoid,  •  .  .  426 
spermatic,  .  .  428, 805 
spheno'pdatine,    .  469 

spinal.  .  .  .437,438 
splenic,  .    425,  560 

stemo-mastoid,  463 

stylo-mastoid  .    467 

subclavian,  .        .  435 

sub-lingual,  .  .  .  465 
sub-mental,   .        ,  466 

sub-scapular,*  443 

Buperiicial  cervical,  439 

superficial       circumflex 

iliac,  .  .  476 

superficial  epigastric     .    476 
superficial    palmar    ar- 
terial arch,  446 
suiwrficial  perineal,    488,  4K9 
superficial  pudic,           .    476 
superficial  volar,    .        .    452 
superior  cerebellar,        .    438 
superior  dental,     .        .    469 
superior  epigastric,  439 
superior    external   arti- 
cular, 479 
superior  bemorrfaoidal,      426 
supenor  intercostal,           440 
superior    internal    arti- 
cular, 479 
superior  larynseal,        .    464 
superior  maxillary,        .    469 
superior  mesenteric,  425 
superior  muscular,        .    479 
superior       pancrsalioo- 

duodenal,  .  -425 

superior  proAmda,         .    445 
snparior  tbyroM,  .       .    468 
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Arteries,  description  of — 
suj>erior  ve>ioal 
supra -orbital, 
supra -scapular 
tar^il, 
tciiiiHtral, 
tt-niiiual      *   . 
tL  ••nicic  axis, 
thyrvHil  axis, 
th\T'ndea  ima, 
tonsillar, 
trari<ivers«. 
tran<vorsiili-«  colli, 
tr III -i vers*?  fa-'ial. 
tran'<\  erse  ptTincal 
tvmr^aiiio, 
uln.ir.     . 
111:1  bilicaL 
uterine, 
\a^:nal. 
Vis  I  Irevia. 
vAj^v  vx-iorum, 
vertcbnil. 
Vf  ^ :  c  >  -  prostatic, 

VI  IllU.    . 

v:><>?ral  branches 
A  rta, 
Artf^'-i  '<;-^,     . 

Ar>te::  ^-e:  ij'.  ^tt:  lean 

Ar>*.t:i  L>1  cartila^ei. 

At-.ir.tAl. 

A:l.:  rv  cells, 

A:r..>,' 

A-i-i.-v.'.o- ver.tr oular  rin^, 

Ax-.i..    . 

Ax'.a'.  cy'ir.  ler. 
A\:a1    cv'i::lf; 

n<.rve  ti"  re, 
AmaI  ske.eton, 
A:M/.Ary. 
AxiLlarv  iNTuph-irlands 


Ri  ^iV^ry  layer.     . 
}%!.■/.  Aii'i  >xket  joint. 
Kirtli  '.-.r.:.  c.-inas  of, 
l>:  ••.>i\  I  v;i.\e, 
Iv.l:"  Ovvi>; '.lanes. 
File  >iuv.t, 

Fi'   Ar  nerve  cells, 
x>i.a^<ier, 

„      l'ais«  ligaiuents  of,  . 
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Bladder,  tnie  ligunents  of, 

,,       Ftnicture  of, 
Blastoiiermic  vesicle, 

BlCHXl,    . 

Bkxxl  capillaries, . 
Blo*>i -lymph  vascnlar  cIae 
Bl'X'd  vascular  glands, 
Bl'X^l  vascular  system, 
BUx^l  vessels. 
Bone  corpu^cle<!,  . 
Bones,  description* of, 

ast  radius, 

atlas, 

axis, 

K-'nes  of  Benin, 

caloaneuni, 

carpus,  bones  of, 

clavicle, 

coccyx, 

cuboid, 

cuneif'^rm, 

ethmoid, 

femur, 

fibula, 

{iK>U  bones  of, 

frontal, 

band,  bones  of, 

humerus, 

hyoid,    . 

ilium,     . 

incus,     . 

inferior  maxilla. 

inferior*  turbinated 

interparietal, 

ischium, 

lachrymal,      , 

malar,    , 

malleus, 

mes-ethmoid. 

metacarpus,  bi-^oes  of, 

metatarsus,  bones  of, 

nasal. 

occipital, 

OS  innominatnm. 

OS  intermeti^om, 

OS  magnum, 

palate, 

parietal, 

patella, 

pelvis, 

phal.mges, 

pis;  form, 

pubis, 

nuiiosy 
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667 

ttri-i  ^r  tyTVipAni, 

3'>3 

th\T\'>-aT7tei."j.l.     . 

59.S 

ti.yro-tM^i-^'ttidei, 

6<»1 

t":.\-Tv»-hy'  i»l.  . 

597 

tr:ar.«ul.ins  >temi. 

60S 

zy Jv-t: . a! : c u>  n .  a  :or. 

647 

ryc^^raticus  i.iiior, 

647 

Mu>v\e  r>is. 

1>3 

c  rpus-'ies. 

1^4 

M  uss"  ul AT-  n  ■"  rv  •  i :  »cs, 

1>2 

r.I-ri  he. 

lyj 

MT'<v':'.\r  tissue.    . 

177 

Mu>v  .J;  ;ai';."ari'S, 

405 

•  •         r *^  -  ..Tia. I,               , 

40i 

),  405 

M)  t '  ".'i  v.t*]>. 

16S 

Mvvi  ii.»->,    . 

lOS 

N.ii.« 

3S6 

Nasal  f  >jy;ae. 

34 

]'".!>,. 

327 

N:v<n\vt:''>  r:;e!T;>  rine,  . 

755 

Ncr\ts.  ♦liMnptiou  of — 

a'^iiKeiit.    . 

304 

acvecisory  obturator. 

240 

313 


Nerves,  description  of — 
anterior  cm ral, 
anterior  interosseous, 
anterior    primary    ilivi- 

,sions, . 
anterior  thoracic,   . 
articular, 

auriculo-parotiilean, 
auriculo-temponil, 
brachial  plexus,     . 
Cauda  equina,      .  . 
carotiil  plexus, 
cardiac, . 
carotid, . 

cavernous  plexus,  . 
centripetal,     . 
cenico-facial. 
cervical  plexus, 
chorda  tynipani  ,  . 
ciliary  ^nglion,     . 
circumnex,     . 
conmnitjicans  peronei  and 

tibialis,    .    . 
comniuniratinj:  branches, 
coniniunicautes  noni, 
cutaneous, 
dental,    . 

descending  palatine, 
digastric, 
distributory,  . 
eighth  cranial, 
electric, . 
excito-njotory, 
external  cutaneous, 
fifth  cranial,  . 
first  cranial,    . 
fourth  cranial, 
gastric,  . 
genito-crural, 
glossal,   . 
gl0)i.>o-  ph  aryngeal , 

Sreat  sciatic,  . 
ypOiTastric,  . 
hypoglossal,  . 
ilu  •-hypogastric,     . 
.  ilio-inguinal,  . 
inferior  dental, 
inferior  maxillary  of  5th 
infra-orbital,  .    '    . 
infra-trochlear, 
inhibitory, 
intercosto-humeral, 
internal  cntaneoos. 


rkr.r. 

240 

23i» 

2:^ 

2:^-) 
315 
2:^5 
31o 
2W 
2'j2 
314 
•316 
311 
314 
190 
3"6 
2:1S 
:^'5 
3"S 
2)8 


243 

315 
235 

3"9 
3"9 
.'^05 
315 
306,  311,  312 
191 
191 
240 

3^'7 
3<>6 
3«<J 
313 
240 
311 
311 
243 
317 
3"7 
2:59 
240 

310 
»i9 
3"9 
3<»3 
191 
234 
238 
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Nerves,  description  of — 

juffttlar  ganglia,  .  .811 
labial,  .^  .  *  .  .809 
lachrymal,'  .  .  .  808 
lateral  entaneonSy  .  .234 
lesser  internal  cutaneotu,  238 
lingual  or  guatatory,  .  310 
long  buccal,  .  .  .  310 
lumbar  plezua,  .  .  239 
lumbo-sacral  cord, .  .  240 
malar',  ....  809 
median.  .  .  .  239 
Meckel  •  ganglion,  .  309 
motor  masticatory,  .  310 
motor,  ....  190 
muMcuIo-cutaneoos,  .  239 
musculo-spiral,  .    238 

nasal,  ....  809 
nerves  of  common  sensa- 

tion,  .  .  .  .191 
nerve  of  Jacobson,.  .  312 
nervous  plexus,  .  .  243 
nerves  of  special  sense,  .  191 
ninth  cranial,  .    307 

obturator,  .  .  .  240 
occipitalis  minor,  .  .  235 
oculo-motor,  .        .    302 

oculo-nasal,  .  .  .  308 
cesophageal,  .  .  .318 
olfactory,  t.  .  .  32i> 
ophthalmic  division  of  5th 

nerve,  .    808 

otic  ganglion,  .  .811 
palpebral,  .  .  .  809 
peroneal.  .  .  .  243 
petrous  ganglion,  .  .311 
petrosal,  305 

pharyngeal,  .  811,818,815 
phrenic,  .        .    235 

pneuroogastric,  .  .312 
popliteal,  .  .  .243 
posterior  auricular,  .  305 
posterior  interosseous,  .  238 
posterior  primary  divi- 
sions, .  .  .  282 
posterior  thoracic, .  .  238 
portio  intermedia, .  .  305 
portio'dura,  .  .  .  304 
portio  mollis,  .  .  872 
prevertebral      cardiac 

plexus,  .        .    817 

pter^go-palatine,  .  .  809 
pudic,  .  .  .  .242 
pulmonary^   .  .    813 


Nerves,  description  of— 
raaial|    . 

recurrent  laryngeal; 
reflex, 
sacro*coocygeal  plexus, 
sacral  plexus, 
saphenous, 
second  cranial, 
secretory, 
seventh  cranial, 
sixth  cranial, 
small  petrosal, 
small  sciatic, 
spheno- palatine, 
spinal  accessory, 
spinal,    . 
splanchnic,     . 
sub-occipital, 
submaxillary  gangl 
subscapular,  . 
superior  gluteal, 
superior  laryngeal. 


241, 


ion. 
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288 
813 
191 
244 
240 
244 
347 
190 
304 
304 
811 
248 
809 
806 
231 
816 
281 
811 
288 
241 
318 


superior  maxillary  of  5th,  308 


snpra^clavicular, 

supra-scapular, 

supn-trochlear, 

temporo-facial, 

third  cranial, 

tonsillitic, 

transversalis  colli, 

trifacial, 

trocblearis, 

trophic, . 

tympanic, 

ulnar,     . 

vagus,    . 

vaso-motor,    . 

vidian,   . 
Nerve  cells,  . 
„    fibres, 
Nervous  system,  . 

„      tissue,     . 
Neural  arch, 

M      lamina,    . 
Neuroglia,    . 
Nodes  of  Ranvier, 
Non-medullated  nerve 
Non-striped  tibre^ 
Nose,    . 

Nnck,  canal  of,    . 
Nndens, 

„       amygdalae, 
NymphA, 


fihriM, 


286 
.  236 
.  808 
.  806 
.  802 
.  811 
.  286 
.  807 
.  803 
.  190 
.  812 
.  289 
.  812 
190,  316 
.  809 
.  196 
.  192 
.  189 
.  192 
11 
.  211 
.  148 
195 
196 
178 
822 
842 
114 
285 
850 
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ObUtented  tmibilicd  yelii,  .  740 
Obloii|g^  joints,  ...  68 
Oocipit^  lobe,      .        .        .    26S 

„       sinuses, . 
Odonto-blasts, 
Odonto-klssts, 
(Esophagus,  • 

Omenta, 
Omphalo-mesenteiic  duct,  773, 

776,  8«5 


99 


Optic  lobes,  . 
„     nerves, 
„     thalami, 
Olivaiy  body. 
Olfactory  bulb,     . 
cells,     . 
hairs,    . 
region,  . 
nerre,    . 
peduncle, 
Os  cordis, 
Osteo-dentine, 
Osteo-blasts,         • 
Osteo-klasts, 
Osseous  spiral  lamina, 

,,      tissue,     . 
Os  uteri. 
Otoliths, 
Oraserrata, 
Oigans  of  digestion, 
of  reproduction, 
of  respiration, 
of  sense. 
Organ,  definition  of, 
Oigan  of  Ginld^. 
„     of  Rosenmtiller, 
„     of  voice. 
Ovarium  masculinum. 
Orbit,    . 
Oviduct, 

Ovigerous  chamber, 
Ovula  Nabothi, 


213.281 
213,  262,  341 

213,  278 
.  246 
.  214 
.  325 
.  325 
.  324 
.    826 

214,  325 
.     410 


>f 


.  218 
757,  762 

.  767 
669,  775 

.    677 


.  757 
.  170 
.  172 
.  368 
.  162 
.  840 
.  367 
.  340 
.  643 
801,825 
.  604 
.  321 
.  Ill 
811,854 
836,856 
.  587 
.  859 
34 
.  836 
.  872 
.    843 


Ovum, 


117,  830,  862 


Pacchionian  bodies,  .  .    221 

Palatine  glands,    .  .    653 

Palpebral  fissura,  353 

Pampiniform  plexus,  .  805,  831 

Papilla  optica,  .    341 

Parieto-occipital  fissure,  .    263 

Parietal  lobe,        •  .  .264 

Pancreas.               .  .  743, 777 

Parotid  ^land,      •  .  .     654 

Par-ovanum,  .  886,  856 


Pars  mamlgiTitflei  wpU» 
Pelvis,  .       « 

Pelvic  Ikada,         • 
„     girdle, 
„     pleziwt,    . 
Ptonidlli, 

Peribrating  fibres  of  bone. 
Peribronchial  lynphatics^ 
Perineorium, 
Periosteum, 
Peripheral  end-oigaB^ 
Peritoneum,/ .      .       • 
Pericardium,        • 
Perichondrium,    • 
Perimysium, 
Peri-vascular  canals, 

„  lymphatka. 

Permanent  eartiUge,    . 
Petrosal  sinuses,  «. 
Peyer's  glands, 
Pharynx, 
Pharyngeal  XamaX, 
Pia  mater,    . 
Pigmentary  taasne. 
Pineal  gland,      213,  S9Q, 
Pituita, 

Pituitary  body,  S13,  362; 
Pivot  joint,  . 
Placenta, 

Plane  suifaoed  jointly  . 
PUsma  canals, 
Pleura, 
Pleural  cavity, 

„      villi, 
Pleuro-peritoneal  cavity, 
Pomnm  Adami,    • 
Pons  Tarini, 
Pons  VazoUi  or  bridge. 
Portal  vein, . 
Posterior  oonuniarara^ . 

oeivbTal  vetjde, 
I  epithelium  tt 

elastic  Isnuaa 


¥^ 
€7) 

u 

fit 

li-* 

x« 

]y 
541  rV 

215.  JJ 

.   :*4 

$74.  .>^ 

573.  i.'- 


f 


««1 


»t 

»9 


99 
99 


Pouch  of 

Ponparfk  ligaiucnt» 
Premolar  teeth. 
Prevertebral  cardiar  |4e: 
hypo 
pJexwL 
solar  |ikn% 
Priclde  calls. 
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Pimary  oerebnl  Tedd<t»     .  212 

PrunitiTe  alimentary  caual,  774 

chorion,        .        •  862 

dorsal  aorta,         .  676 
merobimne  of  nanre 

fibre,                  .  104 

pharynx,              .  774 

Primordial  kidneysy             .  864 

Protistie,  ....  113 
Protovertebne^                    64, 108 

Protoplasm,  .  112 
Protoplasm  prooeaMs  of  aerre 

cells,         ....  201 

Pto<79'>-BU^3^''7  flnnre,    .  34 

Pnlmonary  artery,  ,  638 

capillaries,  .  639 
▼ems,               406, 640 

▼esiclea,  684 

pleura,        .  .  632 

Palp  of  the  tooth,         .  .  767 

Pyloric  valve,  .  687 

Rectum,  .     716, 776 

Receptacnhim  chyli,  .  .  681 
Bed  corpuscles  of  blood,  .  121 
Regions  of  abdomen,  .  .    673 

bead,  ...    266 
heart,  .    613 

thorax,  .    612 

Reproductive  system,  .        .    801 
Restiform  body,    ...    246 
Respiratory  system,  develop- 
ment of,    .       .        .        .    778 
Respiratory  glottis,  .    696 

„         region  of  noee,       824 
„         system,     .        .    604 
Reiemirabile,  .416 

Retina,  .     218,829,840 

Retiform  connective  tissue,  143 
Right  colon.  .        .713 

„     lymphatic  duct,  .    633 

„     or  anterior  ventricle,  .    402 
Rima  glottidis,     .  .    695 

RodsofCorti,  .  .  .871 
Roofnaclei,  ...    266 

Rolando,  ftssnre  of,  .  .268 
Rotation  joints,  ...  67 
Root  of  lung,  .    629 

Rooleaajc,  ....  126 
Ruining,      ....    107 


tf 


Sac  of  omentam,  , 
Saoeulos. 
8addl«-ahap«d  Joint, 


682 

866 

68 
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Salivary  glands  of  month,  ,  664 
Saroolemma,         .  .    184 

Saroous  elementa,  .    183 

Sarcode,  .        .    112, 116 

Scapular  arch,  ...  87 
Schneiderian  membrane,  .  824 
Sclerotic  coat,  .        .    829 

Screwed  surface  joints,  68 

Scrotum,  ....  802 
Secondary  chorion,  .    868 

Semicircular  canals,  .  .  866 
Semilunar  ganglia,  .    818 

„  valve,  .  .  404, 406 
Seminal  tubes,  ...  807 
Sensory  nerves,    .  800 

Septum  lucidum,  .214 

„      nasi,  ,    828 

Serous  membranes,  .  .  189 
Shoulder  girdle,  .  .  .  87 
Sheath  of  Huxley,  .    889 

Sigmoid  cavity,    ...      42 

„       fiexure  of  colon,  716,776 


>» 


meso-coJon, 
Sinus  venosus, 

„     of  Valsalva, 
Skeleton,  appendicular^ 
axial,    . 
definition, 
forms  uf , 
development  of, 
homologies  of, 


tt 
tt 
tt 


680 
400,406 
.    404 


ft 


Skin, 
Skull, 


9 

9 

8 

8 

64 

64 

.    882 

20,66,68 

.      85 


„     age,  character  of, 

„    Isexual  character  of,    .  84 

Small  intestine,    .        .        .  697 

Socia  parotidis,     .                .  664 

Soa  palate, .        ...  664 

SoliUry  glands,    ...  709 

Somato-pleure  layer,    .        .  778 

Spermatic  onrd,    ^        .        .  802 

„        fascia,  .                •  808 

Spermatoblasts,  ...  809 

Spheno-maxiUary  fossa,  84 

,,           „        fissure,       .  84 

Spheroidal  epithelium,         •  186 

Spine,          ....  10 

Splanchno-plenre  layer,       .  773 

Splenic  flexure  of  ooion,       •  714 

Spleen,  position  and  form,  •  665 

„      development  of,       •  686 

Spleen>follicles,    •        •        •  661 

pulp,         •                •  668 

.        .        .     140,497 


t> 


Stomata, 
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Stenson's  dvct,     .       .        .  655 

Sternal  mediastinal  glandi,  535 

Sterno-pericaitliac  ligaments,  S96 

Stris  lonsitudinales,    .        .  273 

„    medullares,                 .  246 
Stomachy     .        .        .     685, 775 

Strncture  of  stomach,  .        .  688 

Styloid  processy    ...  42 

Snb-aracbnoid  cavity,          .  219 

Snb-dural  space,  .        .        .  219 

Sab-lingual  gland,                .  656 

Sub-mazillanr  gland,    .        .  655 

Sub-plenral  lymphatics,        .  647 

Substantia  gelatmosa,  .        .  222 

Snbzonal  membrane,    .        .  864 

Sulci  of  cerebrum,                .  262 

Superficial  glands  of  groin,  .  538 

Superior  vena  cava,      .  400 

Suplementary  cells,      .        .  704 

SupnirTenal  capsules,    .     570,  585 

Supra-condyloid  foramen,     .  41 

Supra-Btemikl  fossa,      .        .  612 

Suture,         ....  63 

Sweat  glands,                       .  891 

Syndiondrosis,     ...  63 

Sympathetic  nervons  system,  313 

Sylvian  fissure,  .  .  263 
Synovial  fringes,                   .141 

Synovia.       ....  66 

Tactile  corpuscles,  .    386 

Tenia  hippocampi,  .    214 

,,     semicircularis,    .        .214 

Tegmentum.  .  290 

Teeth, 745 

structure  of,       .  751 

arrangement  and  form 
,    of,  .  .745 

development  of,  .    758 

Temporary  cartilage,  .  .156 
Temporo-sphenoidial  lobe,  .  263 
Temporal  fossa,  ...  34 
Tenainous  tissue,  145 

Tentorium  cerebelli,  .  .217 
Tessellated  epithelium,  .  182 
Testicle,  ....  802 
Thebesian  valve,  .  .401 

Third  ventricle,  .  .  .218 
Thoradc  duct,  .  .  .581 
Thorax,  ....  18 
Thymus,  •        .     565.  585 

0„        follicles,         .        .    566 
Thyroid  cartilage,        .        .    588 
„      gland,     .        .567,585 


99 


ft 


700,77 


Thyro-hyoid  membnae, 

Tissues  or  taxtnres. 

Tongue, 

Tonsil, 

Torcular  Herophiliy 

Trachea, 

Trabecular  feauwwmk. 

Transitional  epithelium. 

Transversely  striped  fibre, 

Tnnsvene  mesocolon, 

„         colon, 
Trapesium,  . 
Tricuspid  valve. 
Trigone, 
Tn^antera, 
Tmncus  eonuBimia  I 

Tnbuli  nrittiferi. 
Tunica  pharyn^ 
Tunica  vaginalis, . 
Tympanum, 

Umbilical  region,  • 
Umbilical  veside. 
Upper  limb,  • 

Urinary  bladdar, 

of. 

Urinary  system,  . 

UiYi'genital  sioos. 

Urethra,  female, 
,,       male, 

Utero-pIaeentjJ  veins. 

Uterus^  position  and  fona* 
stmctare, 
development, 
ligaments  or, 

Urachiu^  > 

Ureters, 

Uterus  maacnlinos. 

Utriculns,     . 

Uvea,   . 

Uvula, 

Vasioa, 
Vallecnla.     . 
Valve  of  VieoseeiM, 
ValvuliB  oonnivenlea. 
Vascular  mrchM^  . 

Vasculnr  syatetBp  . 
Vas  aberrans, 
Vaso-dentine, 
Veins,  descriptum  of, 
angnlnr,         .  _ 
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Veins,  description  of  • 
anterior  jugular,    . 
anterior        longitudinal 

spinal, 
anterior  tibial, 
axillary, 
aaygoR, 
azygos  mi^o'V 
brachial, 

brachio-cepbalie   or 
tnominate, 

„       brain  veinx  of, 
canliac, 
cardinal, 

cavernous  sinus,     . 
cephalic, 
circular  sinus, 
circumflex  iliac,     . 
common  iliac, 
communicating, 
coronary, 

coronary  venous  sinus,  . 
coronary  venous  system, 
cranial     venous     blood 

sinuses, 
cystic,  .... 
deep  cervical, 
deep  circumflex  iliac, 
deep  epigastric, 
digital, 

diploe,  veins  of,     . 
dorsal,   .... 
duct  of  Cuvier, 
ductus  venosus, 
duodenal, 
emissary, 
external  iliac, 
external  jugular,    . 
external  saphenous, 
extra-spinal  or  dorsal, 
facial,    . 
femoral, 
fh>ntal,  . 
great  coronary, 
Oalen,  veins  of, 
hflcmorrhoidal 

pleius, 
hepatic, 
ileo-colic^ 
internal  iliac, 
internal  jugular, 
inferior  laryngeal, 
inferior  longitudinal  sinus,  510 
inferior  mesenteric,        .    528 


506 

515 
521 
507 
503 
503 
507 

505 
511 
502 
582 
510 
507 
510 
521 
518 
509 
523 
502 
502 

510 
.  523 
.  508 
.  520 
.  520 
.  520 
.  512 
.  519 
897,  582 
.  582 
.  523 
.  514 
520,  521 
.  508 
520 
514 
509 
521 
509 
502 
512 
venous 

.  519 
518,  735 
.  522 
.  519 
.  509 
.  506 


Veins,  description  of— 
inferior  tnjToid,  . 
inferior  vena  cava, . 
internal  mammary, 
intestinal, 
lateral  sinus. 
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506 
516 
506 
522 
510 


left  asygos  vein,  azygos 

minor,  .     503,  505 

left  bronchial,  •  .  505 
left  colic,  .  .  .  522 
left  gastro-epiploic,  .  523 
left  superior  intercostal,  505 
Ungual,  .        .        .510 

long  saphenous,     .  520 

lumbar,  .        .  516 

middle  colic,  522 

midflle  meningeal,  .    514 

middle  sacral,  .  .516 
middle  thyroid,  .  .  510 
median-bMiIic,  .  .  506 
median-cephalic,  .  .  506 
median,  .  .  .  506 
occipital  sinns,  .  .510 
occipital,        .        «  510 

oesophageal,  .         .  503 

omphalo-onesenteric,  576,  582 
ophthalmic,  .  .  .512 
ovarian,  .        .518 

pancreatic,  .  «  •  523 
peroneal,  .  .  •  521 
nparyngeal,  .510 

purenic,  .  .  .518 
plantar,  .  .  .  521 
popliteal,  .  .  .  521 
portal  venous  system,  .  522 
portal  venouM  trunk  or 

portal  vein,  523,  783 

posterior      longitudinal 

spinal,        .        .  515 

posterior  tibial,  .  «  521 
primitive  jugular,  .  .  582 
profunda,  .  .  .  521 
prostatic  venous  plexus ,  519 
pudic,  ....  521 
pulmonary,   .  501,  640 

radial,  ....  506 
renal,     .  .     518, 891 

right  bronchial,  .  •  503 
right  gastroepiploic,  .  522 
right  superior  interoosta],  505 
short  ^tric,  •    528 

sigmoid,        .  522 

spinal,    .  .    508,  514 

splenic,  .  522, 568 
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